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•^  °  DWRODUOTION 

Machinery's  Reference  Book,  No.  91,  Is  the  first  of  a  series  contain- 
ing, in  condense^  form,  Information  on  the  operation  of  various  types 
of  machine  tools.  The  first  two  books  (Nos.  91  and  92)  are  descriptive 
of  lathe  work,  and  the  succeeding  numbers  deal  with  machines  of  other 
types,  such  as  the  planer,  shaper,  drill-press,-  horizontal  and  vertical 
boring  machines,  milling  machine,  and  grinder.  In  each  case,  a  tool 
of  typical  design  has  -been  selected,  and  the  important  points  connected 
with  its  operation  and  use  have  been  considered.  The  method  of  setting 
up  a  Brown  &  Sharpe  automatic  screw  machine,  with  a  detailed  descrip- 
tion of  its  operation,  is  also  given  in  this  series.  In  the  operation  or 
manipulation  of  machine  tools,  as  well  as  in  other  branches  of  machine 
construction,  there  are  many  things  which  are  learned  more  easily  by 
experience  than  in  any  other  way;  in  fact,  it  would  be  impossible  *by 
a  written  explanation  to  convey  more  than  a  crude  idea  regarding  many 
methods  connected  with  shop  practice.  Therefore,  in  this  series,  no 
attempt  has  been  made  to  cover  every  phase  of  machine  work,  but  we 
have  endeavored  to  explain  the  more  important  features  connected  with 
the  use  of  standard  machine  tools.  The  various  methods  referred  to 
are  not,  in  every  case,  given  as  the  best  from  a  standpoint  of  accuracy, 
nor  has  the  time  element  always  been  considered,  but  an  effort  has 
been  made,  instead,  to  select  simple  methods  and  examples  which  would 
clearly  illustrate  the  principles  involved.  As  the  variety  of  machine 
tools  now  in  use  is  extensive,  and  as  different  types  can  often  be  em- 
ployed for  the  same  kind  of  work,  it  might  be  well,  in  the  beginning, 
to  call  attention  to  the  fact  that  the  best  type  of  tool  to  use  for  ma- 
chining a  given  class  of  work  frequently  depends  on  circumstances.  To 
illustrate,  a  certain  part  might  be  turned  in  a  lathe,  which  could  be 
finished  in  some  form  of  automatic  or  semi-automatic  turning  machine 
much  more  quickly.  It  does  not  necessarily  follow,  however,  that  the 
automatic  is  the  best  machine  to  use;  because  the  lathe  is  designed 
for  general  work  and  the  part  referred  to  could  doubtless  be  turned 
with  the  regular  lathe  equipment,  whereas  the  automatic  machine 
would  require  special  tools  and  it  would  also  need  to  be  carefully  ad- 
justed. Therefore,  if  only  a  few  parts  were  needed,  the  lathe  would 
be  the  best  tool  to  use,  but  if  a  large  number  were  required,  the  auto- 
matic or  semi-automatic  machine  would  probably  be  preferable,  be- 
cause the  saving  in  time  effected  by  the  latter  type  would  more  than 
offset  the  expense  for  tool  equipment  and  setting  the  machine.  It  is 
also  necessary,  in  connection  with  some  work,  to  consider  the  degree 
of  accuracy  required,  as  well  as  the  rate  of  production,  and  it  is  be- 
cause of  these  varying  conditions  that  work  of  the  same  general  class 
is  often  done  in  machines  of  different  types,  in  order  to  secure  the  most 
efficient  results.  This  matter  has  been  referred  to  at  the  outset  to  in- 
dicate, in  a  general  way,  the  principle  of  tool  selection. 
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CHAPTER  I 


GENERAL  DESCRIPTION  OF  AN  ENGINE  LATHE 

The  standard  "engine"  lathe,  which  is  the  type  commonly  used  by 
machinists  for  doing  general  work,  is  one  of  the  most  important  tools 
in  a  machine  shop,  because  it  is  adapted  to  a  great  variety  of  work, 
such  as  turning  all  sorts  of  cylindrically  shaped  parts,  boring  holes, 
cutting  threads,  etc.  The  illustration  Fig.  1  shows  a  lathe  which, 
in  many  respects,  represents  a  typical  design,  and  while  some  of  the 
parts  are  arranged  differently  on  other  makes,  the  general  construction 
is  practically  the  same  as  on  the  machine  illustrated. 

The  principal  parts  are  the  bed  B,  the  headstock  H,  the  tailstock  T, 
and  the  carriage  C.  The  headstock  contains  a  spindle  which  is  rotated 
by  a  belt  that  passes  over  the  cone-pulley  P,  and  this  spindle  rotates 
the  work,  which  is  usually  held  between  pointed  or  conical  centers  h 
and  ft,  in  the  headstock  and  tailstock,  or  in  a  chuck  screwed  onto  the 
spindle  instead  of  the  faceplate  F.  The  carriage  C  can  be  moved  length- 
wise along  the  bed  by  turning  handle  dy  and  it  can  also  be  moved  by 
power,  the  movement  being  transmitted  from  the  headstock  spindle 
either  through  geart  a,  &,  c,  and  screw  &,  or  by  a  belt  operating  on 
pulleys  p  and  p„  which  drive  the  feed-rod  R.  The  screw  8  is  Used 
when  cutting  threads,  and  the  feed-rod  R  for  ordinary  turning  opera- 
tions; in  this  way  the  screw  is  worn  as  little  as  possible,  and  its 
accuracy  is  preserved.  On  the  carriage,  there  is  a  cross-slide  D  which 
can  be  moved  at  right  angles  to  the  lathe  bed  by  handle  e,  and  on  D 
there  is  an  upper  or  compound  slide  B  which  can  be  swiveled  to 
different  positions.  The  tool  t,  that  does  the  turning,  is  clamped  to 
the  upper  slide,  as  shown,  and  it  can  be  moved  with  relation  to  the 
work  by  the  lengthwise  movement  of  the  carriage  C  on  the  bed,  by 
moving  slide  D  crosswise,  and  by  slide  E,  which  can  be  set  to  any 
required  angle.  The  first  two  movements  can  be  effected  by  power, 
the  lengthwise  feed  being  engaged  by  tightening  knob  fc,  and  the  cross- 
feed  by  tightening  knob  I.  The  direction  of  either  of  these  movements 
can  also  be  reversed  by  shifting  lever  r.  Ordinarily  the  carriage  and 
slide  are  adjusted  by  hand  to  bring  the  tool  into  the  proper  position 
for  turning  to  the  required  diameter,  and  then  the  power  feed 
(operating  in  the  desired  direction)  is  engaged.  The  tailstock  T 
can  be  clamped  in  different  positions  along  the  bed,  to  suit  the  length 
ot  the  work,  and  its  center  ht  can  be  moved  in  or  out  for  a  short 
distance,  when  adjusting  it  to  the  work,  by  turning  handle  n. 

As  some  metals  are  much  harder  than  others,  and  as  the  diameter 
of  the  part  that  is  to  be  turned  also  varies,  speed  changes  are  neces- 
sary, and  these  are  obtained  by  placing  the  driving  belt  on  different 
steps  of  cone-pulley  P,  and  also  by  the  use  of  back-gears.  The  cone- 
pulley  can  be  connected  directly  with  the  spindle  or  be  disengaged 
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from  It  by  means  of  bolt  m.  When  the  pulley  and  spindle  are  connected, 
five  speeds  (with  this  particular  lathe)  are  obtained  by  simply  shifting 
the  driving  belt  to  different  steps  of  the  cone.  When  a  slower  speed  is 
required  than  can  be  obtained  with  the  belt  on  the  largest  step  of  the 
cone,  the  latter  is  disconnected  from  the  spindle,  and  the  back-gears  G 
and  G„  (shown  In  the  plan  view  Fig.  2)  are  moved  forward  into  mesh 
by  turning  handle  0;  the  drive  is  then  from  cone-pulley  P  and  gear  L 
to  gear  G,  and  from  gear  Ox  to  the  large  gear  J  on  the  spindle.  When 
driving  through  the  back-gears,  five  more  speed  changes  are  obtained 
by  shifting  the  position  of  the  driving  belt,  as  before.  Changes  of  feed 
for  the  tool  are  also  required,  and  these  are  obtained  by  shifting  the 
belt  operating  on  pulleys  p  and  p,  to  different-sized  steps. 
Front  and  rear  views  of   the   carriage  apron,   which   contains   the 


Pig.  2.    Plan  View  of  H«adstook  showing  Back-ff«ars 


feeding  mechanism,  are  shown  in  Figs.  3  and  4,  to  indicate  how  the 
feeds  are  engaged  and  reversed.  The  feed-rod  R  (Fig.  1)  drives  the 
small  bevel  gears  A  and  AY  (Figs.  3  and  4)  which  are  mounted  on 
a  slide  8  that  can  be  moved  by  lever  r  to  bring  either  bevel  gear  into 
mesh  with  gear  B.  Gear  B  is  attached  to  pinion  b  (see  Fig.  3) 
meshing  with  gear  C,  which,  when  knob  k  is  tightened,  is  locked  by  a 
friction  clutch  to  pinion  c.  The  latter  pinion  drives  gear  D  which 
rotates  shaft  E.  A  pinion  cut  on  the  end  of  shaft  E  engages  rack  K 
(Fig.  1)  attached  to  the  bed,  so  that  the  rotation  of  E  (which  is 
controlled  by  knob  k)  moves  the  carriage  along  the  bed.  To  reverse 
the  direction  of  the  movement,  it  is  only  necessary  to  throw  gear  A 
into  mesh  and  gear  A,  out,  or  vice  versa,  by  operating  lever  r.  When 
the  carriage  is  traversed  by  hand,  shaft  E  and  gear  D  are  rotated  by 
pinion  dx  connected  with  handle  d. 
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The  drive  for  the  cross-feed  is  from  gear  C  to  gear  F  which  can  be 
engaged  through  a  friction  clutch  (operated  by  knob  I)  with  gear  O 
meshing  with  a  pinion  H.  The  latter  rotates  the  cross-feed  screw, 
which  passes  through  a  nut  attached  to  slide  D  (Fig.  1),  thus  moving 


Fig.  3.    Lathe  Apron 

the  latter  at  right  angles  to  the  ways  of  the  bed.  The  cross-feed  is 
also  reversed  by  means  of  lever  r.  As  previously  explained,  lead-screw 
8  is  only  used  for  feeding  the  carriage  when  cutting  threads.  The 
carriage  is  engaged  with  this  screw  by  means  of  two   half-nuts   A* 


Wig.  4.    Rear  View  of  Lathe  Apron 

that  are  free  to  slide  vertically  and  are  closed  around  the  screw  by 
operating  lever  u.  These  half-nuts  can  only  be  closed  when  lever  r  is  in 
a  central  or  neutral  position,  so  that  the  screw  feed  and  the  regular 
turning  feed  cannot  be  engaged  at  the  same  time. 
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EXAMPLE  OP  CYLINDRICAL.  TURNING 


Having  now  considered  the  principal  features  of  what  might  be 
called  a  standard  lathe,  the  method  of  using  it  in  the  production  of 
machine  parts  will  be  explained.  The  first  example  of  work  that  will 
be  referred  to  is  shown  in  Fig.  6,  which  represents  a  drawing  of  the 
part.  It  is  a  steel  shaft,  the  diameter  of  which  must  be  2%  inches 
and  the  length  14%  inches,  these  being  the  finished  dimensions.  We 
will  assume  that  the  rough  stock  is  cut  off  to  a  length  of  14%  inches 
and  has  a  diameter  of  2%  inches.  The  first  step  in  this  operation  is 
to  form  conically  shaped  center-holes  in  each  end  of  the  piece  as  indi- 


Flg*.  5.    Flan  View  showing  Work  Mounted  Between  Centers 

cated  at  c  in  Fig.  5.  As  all  work  of  this  kind  is  held,  while  being 
turned,  between  the  centers  h  and  hlt  holes  corresponding  in  shape  to 
these  centers  are  necessary  to  keep  the  work  in  place.  There  are  sev- 
eral methods  of  forming  these  center-holes,  as  explained  in  Chapter 
III. 

After  the  work  is  centered,  a  dog  A  is  clamped  to  one  end  by  tighten- 
ing screw  «,  and  is  then  placed  between  the  centers.  The  dog  has  a 
projecting  end  or  tail,  as  it  is  commonly  called,  which  enters  a  slot 
in  the  faceplate  F  and  thereby  drives  or  rotates  the  work,  when 
power  is  applied  to  the  lathe  spindle  onto  which  the  faceplate  Is 
screwed.  The  tailstock  center  hu  after  being  oiled,  should  be  set  up 
just  tight  enough  to  eliminate  all  play,  without  interfering  with  a 
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free  rotary  movement  of  the  work.  This  is  done  by  turning  handle  n, 
and  when  the  center  is  properly  adjusted,  the  tailstock  spindle  con- 
taining the  center  is  locked  by  lightening  handle  p. 

Facing'  the  Ends  Square  with  a  Side  Tool 
Everything  is  now  ready  for  the  turning  operation.     The  ends  of 
the  piece  should  be  faced  square  before  turning  the  body  to  size,  and 
the  tool  for  this  squaring  operation  is  shown  in  Fig.  7;  this  is  known 


Fig .  0.   Bxampl*  of  Plain  Cylindrical  Work 

as  a  side  tool.  It  has  a  cutting  edge  e  which  shaves  off  the  metal 
as  indicated  in  the  end  view  by  the  dotted  lines.  The  side  /  is  ground 
to  an  angle  so  that  when  the  tool  is  moved  in  the  direction  shown 
by  the  arrow,  the  cutting  edge  will  come  in  contact  with  the  part 
to  be  turned;  in  other  words,  side  /  is  ground  so  as  to  provide  clearance 
for  the  cutting  edge.  In  addition,  the  top  surface  against  which  the 
chip  bears,  is  beveled  to  give  the  tool  keenness  so  that  it  will  cut 
easily.  As  the  principles  of  tool  grinding  are  treated  separately  in 
Chapter  V  of  Machinery's  Reference  Book,  No.  92,  we  shall  for  the 
present  consider  the  tool's  use  rather  than  its  form.  For  facing  the 
end,  the  side  tool  is  clamped  In  the  toolpost  by  tightening  the  screw  «, 
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Fl*  7.    R!gut»sld«  Tool 

Fig.  5,  and  it  should  be  set  with  the  cutting  edge  slightly  inclined  from 
a  right-angled  position  as  shown.  The  cutting  edge  should  also  be 
about  the  same  height  as  the  center  of  the  work.  When  the  tool  Is  set, 
the  lathe  (If  belt-driven)  is  started  by  shifting  an  overhead  belt  and 
the  tool  Is  then  moved  in  until  the  point  is  in  the  position  shown  at  Af 
Fig.  8.  The  tool-point  is  then  fed  against  the  end  by  handle  d,  Fig.  5, 
until  a  light  chip  is  being  turned  off,  and  then  it  Is  moved  outward  by 
handle  e  (as  indicated  by  the  arrow  at  B,  Fig.  8),  the  carriage  re- 
maining stationary'.  As  the  movement  of  the  tool-point  Is  guided  by 
the  cross-slide  D,  which  is  at  right  angles  with  the  axis  of  the  work, 
the  end  will  be  faced  square.     For  short  turning  operations  of  this 
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kind,  the  power  feeds  are  not  used  as  they  are  intended  for  compara- 
tively long  cuts.  If  it  were  necessary  to  remove  much  metal  from  the 
end,  a  number  of  cuts  would  be  taken  across  the  end;  in  this  case, 
.however,  the  rough  stock  is  only  %  inch  too  long  so  that  this  end 
need  only  be  made  true.  After  taking  a  cut  as  described,  the  surface, 
if  left  rough  by  the  tool-point,  should  be  made  smooth  by  a  second  or 
finishing  cut.  If  the  tool  is  ground  slightly  round  at  the  point  and 
the  cutting  edge  is  set  almost  square,  as  at  C,  Fig.  8,  a  smooth 
finish  can  be  obtained;  the  cut,  however,  should  be  light  and  the 
outward  feed  uniform.  The  work  is  next  reversed  in  the  centers  and 
the  driving  dog  is  placed  on  the  end  just  finished;  the  other  end  is 
then  faced,  enough  metal  being  removed  to  make  the  piece  14%  inches 
long,  as  called  for  on  the  drawing.    This  completes  the  facing  operation. 


Flf.  8.    Pacing  Bad  with  Side  Tool  and  Turning  Work  Cylindrical 

If  the  end  of  the  work  does  not  need  to  be  perfectly  square,  the 
facing  operation  can  be  performed  by  setting  the  tool  in  a  right-angled 
position  and  then  feeding  it  sidewise,  thus  removing  a  chip  equajl 
to  the  width  of  one  side.  Evidently  this  method  is  confined  to  com- 
paratively small  diameters  and  the  squareness  of  the  turned  end  will 
be  determined  by  the  position  of  the  tool's  cutting  edge. 

Lathe  Turning'  Tool— Turning'  Work  Cylindrical 

The  tool  nsed  to  turn  the  body  to  the  required  diameter  is  shaped 
differently  from  the  side  tool,  the  cutting  edge  E  being  curved  as 
shown  in  Fig.  9.  A  tool  of  this  shape  can  be  used  for  a  variety  of 
cylindrical  turning  operations.  As  most  of  the  work  is  done  by  that 
part  of  the  edge  marked  by  arrow  a,  the  top  of  the  tool  is  ground  to 
slope  back  from  this  part  to  give  it  keenness.  The  end  F,  of  the 
flank,  is  also  ground  to  an  angle  to  provide  clearance  for  the  cutting 
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edge;  for  without  such  clearance,  the  flank  would  rub  against  the 
work  and  the  cutting  edge  would  be  ineffective.  This  type  of  tool  is 
placed  about  square  with  the  work,  for  turning,  and  with  the  cutting 
end  a  little  above  the  center. 

Before  beginning  to  turn,  a  pair  of  outside  calipers  should  be  set 


Fig.  O.    Tool  used  for  Cylindrical  Turning1 

to  2%  inches,  which,  in  this  case,  is  the  finished  diameter  of  the  work. 
Calipers  are  sometimes  set  by  using  a  graduated  scale  as  at  A,  Fig.  10, 
or  they  can  be  adjusted  to  fit  a  standard  cylindrical  gage  of  the 
required  size  as  at  B.  .Very  often  fixed  caliper  gages  C  are  used  instead 
of  the  adjustable  spring  calipers.  These  fixed  gages,  sometimes 
called  "snap"  gages,  are  accurately  made  to  different  sizes,  and  they 
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Tiff.  10.   Setting  Calipers  toy  Boale— Sottteg  toy  Gaga— Flxod  Gage 

are  particularly  useful  when  a  number  of  pieces  have  to  be  turned 
to  exactly  the  same  size. 

The  turning  tool  is  started  at  the  right  end  of  the  work  and  th« 
carriage  should  be  moved  with  the  left  hand  when  beginning;  a  cut. 
as  shown  in  Fig.  11,  in  order  to  have  the  right  hand  free  for  calipering. 
A  short  space  is  first  turned  by  hand  feeding,  as  at  Z>,  Fig.  8,  and  when 
the   calipers   show    that   the   diameter    is    slightly    greater    than    the 
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finished  size  (to  allow  for  a  light  finishing  cut),  the  power  feed  for 
the  carriage  is  engaged;  the  tool  then  moves  along  the  work  reducing  it 
as  at  E.  Evidently,  if  the  movement  is  along  a  line  & — ft,  parallel  with 
the  axis  a — a,  the  diameter  d  will  be  the  same  at  all  points,  and  a 
true  cylindrical  piece  will  be  turned.  On  the  other  hand,  if  the 
axis  a — a  is  inclined  one  way  or  the  other,  the  work  will  be  made 
tapering;  in  fact,  the  tailstock  center  hx  can  be  adjusted  laterally 
for  turning  tapers,  but  for  straight  turning,  both  centers  must  be  in 
alignment  with  the  carriage  travel.  Most  lathes  have  lines  on  the 
stationary  and  movable  parts  of  the  tailstock  base  which  show  when 
the  centers  are  set  for  straight  turning.  These  lines,  however,  may 
not  be  absolutely  correct,  and  it  is  good  practice  to  test  the  alignment 
of  the  centers  before  beginning  to  turn.    This  can  be  done  by  taking 


Fig.  11.    Views  showlnflr  how  the  Cross-slide  and  Carriage  are  Manipulated 
oy  Hand  when  Starting1  a  Cut 

trial  cuts,  at  each  end  of  the  work  (without  disturbing  the  tool's 
crosswise  position),  and  then  comparing  the  diameters,  or  by  testing 
the  carriage  travel  with  a  true  cylindrical  piece  held  between  the 
centers. 

If  the  relative  positions  of  the  lathe  centers  is  not  known,  the  work 
should  be  calipcred  as  the  cut  progresses  to  see  if  the  diameter  d 
is  the  same  at  all  points.  In  case  the  diameter  gradually  increases, 
the  tailstock  center  should  be  shifted  slightly  to  the  rear  before  taking 
the  next  cut,  but  if  the  diameter  gradually  diminishes,  the  adjust- 
ment would,  of  course,  be  made  in  the  opposite  direction.  The  diam- 
eter is  tested  by  attempting  to  pass  the  calipers  over  the  work.  When 
the  measuring  points  just  touch  the  work  as  they  are  gently  passed 
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across  It,  the  diameter  being  turned  is  evidently  the  same  as  the  size 
to  which  the  calipers  are  set. 

As  the  driving  dog  is  on  one  end,  the  cut  cannot  be  taken  over  the 
entire  length,  and  when  the  tool  has  arrived  at  say  position  x,  Fig.  5, 
it  is  returned  to  the  starting  point  and  the  work  is  reversed  in  the 
centers.  The  large  end  is  then  turned,  and  if  the  cross-slide  has 
not  been  moved,  the  tool  will  meet  the  first  cut.  The  two  cuts  will 
not  be  joined  or  blended  together  perfectly,  however,  and  for  this 
reason  a  cut  should  be  continuous  when  this  is  possible. 

Roughing  and  Finishing'  Cuts 
Ordinarily  in  lathe  work,  as  well  as  in  other  machine  work,  there 
are  two  classes  of  cuts,  known  as  roughing  and  finishing  cuts.    Rough- 
ing cuts  are  for  reducing  the  work  as  quickly  as  possible  almost  to 


Fig.  12.    Filing  Work  after  Finishing  Cut  la  taken 

the  required  size,  whereas  finishing  cuts,  as  the  name  implies,  are 
intended  to  leave  the  part  smooth  and  of  the  proper  size.  When  the 
rough  stock  is  only  a  little  larger  than  the  finished  diameter,  a  single 
cut  is  sufficient,  but  if  there  is  considerable  metal  to  turn  away,  one 
or  more  deep  roughing  cuts  would  have  to  be  taken,  and,  finally,  a 
light  cut  for  finishing.  In  this  particular  case,  one  roughing  and  one 
finishing  cut  would  doubtless  be  taken,  as  the  diameter  has  to  be 
reduced  %  inch.  Ordinarily  the  roughing  cut  would  be  deep  enough 
to  leave  the  work  about  1/32  or  perhaps  1/16  inch  above  the  finished 
size.  When  there  is  considerable  metal  to  remove  and  a  number  of 
roughing  cuts  have  to  be  taken,  the  depth  of  each  cut  and  the  feed 
of  the  tool  are  governed  largely  by  the  pulling  power  of  the  lathe 
and  the  strength  of  the  work  to  withstand  the  strain  of  a  heavy  cut. 
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Of  course,  just  as  few  cuts  as  possible  should  be  taken  in  order  to  save 
time.  The  speed  of  the  work  should  also  be  as  fast  as  the  conditions 
will  allow  for  the  same  reason,  but  as  there  are  many  things  which 
govern  the  speed,  the  feed  of  the  tool,  and  the  depth  of  the  cut,  these 
important  points  are  referred  to  separately  in  Chapter  III  of  Machin- 
ery's Reference  Book  No.  92. 

Filing-  and  Finishing 

In  many  cases  the  last  or  finishing  cut  does  not  leave  as  smooth  a 
surface  as  is  required  and  it  is  necessary  to  resort  to  other  means. 
The  method  commonly  employed  for  finishing  in  the  lathe  is  by  the 
use  of  a  file  and  emery  cloth.  The  work  is  rotated  considerably  faster 
for  filing  than  for  turning,  and  the  entire  surface  is  filed  by  a  flat, 
single-cut  file,  held  as  shown  in  Fig.  12.  The  file  is  passed  across  the 
work  and  advanced  sidewise  for  each  forward  stroke  until  the  entire 
surface  is  finished.  The  file  should  be  kept  in  contact  with  the  work 
continually,  but  on  the  return  stroke,  the  pressure  should  be  relieved. 

The  movement  of  the  file  during  the  forward  or  cutting  stroke 
should  be  much  slower  than  when  filing  in  a  vise.  By  moving  the 
file  slowly,  the  work  can  make  a  number  of  revolutions  for  each  stroke, 
which  tends  to  keep  it  round,  as  practically  the  same  amount  of  metal 
is  removed  from  the  entire  circumference.  On  the  other  hand,  short 
rapid  strokes  tend  to  produce  flat  spots,  or  at  least  an  irregular  sur- 
face, especially  if  the  work  can  only  make  part  of  a  revolution  for  each 
cutting  stroke.  The  pressure  on  the  file  during  the  forward  stroke, 
should  also  be  kept  as  nearly  uniform  as  possible.  It  is  very  difficult 
to  file  a  part  smooth  and  at  the  same  time  to  keep  it  round  and  cylin- 
drical, and  the  more  filing  that  has  to  be  done,  the  greater  the  chance 
of  error.  For  this  reason,  the  amount  left  for  filing  should  be  very 
email;  in  fact,  the  metal  removed  by  filing  should  be  just  enough  to 
take  out  the  tool  marks  and  give  a  smooth  finish.  Very  often  a  satis- 
factory finish  can  be  obtained  with  a  turning  tool,  and  filing  is  not 
necessary  at  all. 

Sometimes  particles  of  metal  collect  between  the  teeth  of  a  file  and 
make  deep  scratches  as  the  file  is  passed  across  the  work.  When 
this,  occurs,  the  teeth  should  be  cleaned  by  using  a  wire  brush  or  a 
file  card,  which  is  drawn  across  the  file  in  the  direction  of  the  teeth. 
This  forming  of  tiny  particles  between  the  teeth  is  known  as  "pinning" 
and  it  can  sometimes  be  avoided  by  rubbing  chalk  on  the  file.  Filing 
is  not  only  done  to  obtain  a  smooth  finish,  but  also  to  reduce  the  work 
to  an  exact  diameter,  as  a  very  slight  reduction  can  be  made  in  this 
way.  If  a  polish  is  desired,  this  can  be  obtained  by  holding  a  piece  of 
emery  Cloth  tightly  around  the  work  as  it  revolves.  Most  cylindrical 
parts  can  be  finished  more  quickly  and  accurately  in  the  grinder  than  in 
the  lathe,  and  many  classes  of  work  are,  at  the  present  time,  simply 
rough-turned  in  the  lathe  and  then  ground  to  size  in  a  cylindrical 
grinding  machine. 
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As  mentioned  in  the  preceding  chapter,  there  are  a  number  of  differ- 
ent methods  of  forming  center-holes  in  the  ends  of  parts  that  have  to 
be  turned  while  held  between  lathe  centers.  A  method  of  centering 
light  work,  which  requires  few  special  tools,  is  first  to  locate  a  central 
point  on  the  end  and  then  drill  and  ream  the  center-hole  by  using  the 
lathe  itself. 

Locating'  the  Center— Drilling  in  the  Lathe 

Hermaphrodite  dividers  are  useful  for  finding  the  center,  as  illus- 
trated at  A,  Fig.  13,  but  if  the  work  is  fairly  round,  a  center-square  B 
is  preferable.  A  line  is  scribed  across  the  end  and  then  another  line 
at  right  angles  to  the  first  by  changing  the  position  of  the  square;  the 


Fig1. 18.    Oentertor  Bad  with  Punch  preparatory  to  Drilling 

intersection  of  these  two  lines  will  be  the  center,  which  should  be 
marked  by  striking  a  pointed  punch  C  with  a  hammer.  If  a  cup  or  bell 
center-punch  D  is  available,  it  will  not  be  necessary  to  first  make 
center  lines,  as  the  conical  part  shown  locates  the  punch  in  a  central 
position.  This  style  of  punch  should  only  be  used  on  work  which 
is  fairly  round. 

After  small  centers  have  been  located  in  both  ends,  their  position 
can  be  tested  by  placing  the  work  between  the  lathe  centers  and 
rotating  it  rapidly  by  drawing  the  hand  quickly  across  it.  By  holding 
a  piece  of  chalk  close  to  the  work  as  it  spins  around,  a  mark  will 
be  made  on  the  "high"  side  if  the  centers  are  not  accurate;  the  centers 
are  then  shifted  toward  these  marks.  If  the  work  is  close  to  the  finished 
diameter,  the  centers  should,  of  course,  be  located  quite  accurately  in 
order  that  the  entire  surface  of  the  work  will  be  turned  true  when 
it  is  reduced  to  the  finished  size. 

One  method  of  finishing  these  center-holes  Is  indicated  in  Fig.  14. 
A  chuck  C  Is  screwed  onto  the  spindle  In  place  of  the  faceplate,  and 
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a  combination  center  drill  and  reamer  R  is  gripped  by  the  chuck 
jaws  and  set  to  run  true.  The  center  is  then  drilled  and  reamed  at  one. 
end  by  pressing  the  work  against  the  revolving  drill  with  the  tailstock 
spindle,  which  is  fed  out  by  turning  handle  n.  The  piece  is  then 
reversed  for  drilling  the  opposite  end.  The  work  may  be  kept  from 
revolving  while  the  centers  are  being  drilled  and  reamed,  by  attaching 
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flg.M*  Drfllm*  Center*  in  the  Lethe 
a  dog  to  it  close  to  the  tailstock  end  and  then  adjusting  the  cross- 
slide  until  the  dog  is  in  contact  with  it.  From  the  foregoing  it  will 
be  seen  that  the  small  centers  made  by  punch  (?,  Fig.  13,  serve  as  a 
starting  point  for  the  drill  and  also  as  a  support  for  the  outer  end 
of  the  work  while  the  first  hole  is  being  drilled. 

The  form  of  center-hole  produced  by  a  combination  drill  and  reamer 
is  shown  in  Fig.  17.    A  small  straight  hole  a  in  the  bottom  prevents 
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Figs.  16  to  18.   Centers  of  Znoorreot  end  Correct  Form 
the  point  of  the  lathe  center  from  coming  in  contact  with  the  work  and 
insures  a  good  bearing  on  the  conical  surface  c.     The  standard  angle 
for  lathe  centers  is  sixty  degrees,  as  the  illustration  shows,  and  the 
tapering  part  of  all  center-holes  should  be  made  to  this  angle. 

Centering'  Machine 
Many  shops  have  a  special  machine  for  forming  centers  which  en- 
ables the  operation  to  be  performed  quickly.     One  type  of  centering 
machine   is  shown   in  Fig.   19.    The   work  is  gripped   in   a  chuck  O 
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that  automatically  locates  it  in  a  central  position  so  that  it  is  not 
necessary  to  lay  out  the  end  before  drilling.  There  are  two  spindles  * 
and  st  one  of  which  holds  the  drill  and  the  other  the  countersink, 
and  these  are  rotated  by  a  belt  passing  over  pulley  P.  Each  of  these 
spindles  is  advanced  by  lever  L  and  either  of  them  can  be  moved  to  a 
position  central  with  the  work,  as  they  are  mounted  in  a  swivel ing 
frame.  In  operating  this  machine,  a  small  straight  hole  is  first  made 
by  a  twist  drill  held  in  one  of  the  spindles;  the  other  spindle  is  then 
moved   over  to  the   center   and   the  hole  is   reamed   tapering.     The 


Fig.  19.  Bpeotol  Itoobto*  tor  Q#nfrrtag 
arrangement  is  such  that  neither  spindle  can  be  advanced  by  the 
feeding  lever  except  when  in  a  central  position.  The  amount  that 
each  spindle  can  be  advanced  is  limited  by  a  fixed  collar  inside  the 
head,  and  there  is  also  a  swinging  adjustable  stop  against  which  the 
end  of  the  work  should  be  placed  before  tightening  the  chuck.  These 
two  features  make  it  possible  to  ream  center  holes  of  the  same  size 
or  depth  in  any  number  of  pieces. 

Different  Forma  or  Centers 
In  some  poorly  equipped  shops  it  is  necessary  to  form  centers  by 
the  use  of  a  center-punch  only,  as  there  is  no  better  tool.     If  the  end 
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of  the  punch  has  a  sixty-degree  taper,  a  fair  center  can  be  formed  In 
this  way,  but  it  is  not  a  method  to  be  recommended,  especially  when 
accurate  work  is  required.  Sometimes  centers  are  made  with  punches 
that  are  too  blunt,  producing  a  shallow  center,  such  as  the  one  shown 
in  Fig.  15.  In  this  case  all  the  bearing  is  on  the  point  of  the  lathe 
center,  which  is  the  worst  possible  place  for  it.  Another  way  is  to 
simply  drill  a  straight  hole  as  in  Fig.  16;   this  is  also  bad  practice 


Fig.  20.    The  Imperfect  Center  .Bearing  1*  the  Result  of  Centering 
before  Straightening 

in  more  than  one  respect.  Fig.  18  shows  a  form  of  center  which  is 
otten  found  in  the  ends  of  lathe  arbors,  the  mouth  of  the  center  being 
rounded,  at  r,  and  the  arbor  end  recessed  as  shown.  The  rounded 
corner  prevents  the  point  of  the  lathe  center  from  catching  when  it  is 
moved  rapidly  towards  work  which  is  not  being  held  quite  centrally, 
and  the  end  is  recessed  to  protect  the  center  against  bruises.  Stock 
that  is  bent  should  always  be  straightened  before  the  centers  are  drilled 
and  reamed.     If  the  work  is  centered  first  and   then   straightened, 


Fig.  21.   Tool  Steel  should  be  centered  Concentric.  In  order  to  remove 
the  Decarbonised  Outer  Surface 

the  bearing  on  the  lathe  center  would  be  as  shown  in  Fig.  20.  The 
center  will  then  wear  unevenly  with  the  result  that  the  surfaces 
last  turned  will  not  be  concentric  with  those  which  were  finished  first. 

Precaution  When  Centering1  Tool  Steel 

Ordinarily  centers  are  so  located  that  the  stock  runs  approximately 
true  before  being  turned,  but  when  centering  material  to  be  used  in 
making  tools,  such  as  reamers,  mills,  etc.,  which  need  to  be  hardened, 
particular  care  should  be  taken  to  have  the  rough  surface  run  fairly 
true.  This  is  not  merely  to  insure  that  the  piece  will  "true-up,"  as 
there  is  a  more  important  consideration  the  disregard  of  which  often 
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affects  the  quality  of  the  finished  tool.  As  is  well  known,  the  degree 
of  hardness  of  a  piece  of  tool  steel  that  has  been  heated  and  then 
suddenly  cooled,  depends  upon  the  amount  of  carbon  that  it  contains, 
steel  that  is  high  in  carbon  becoming  much  harder  than  that  which 
contains  less  carbon.  Furthermore  the  amount  of  carbon  found  at 
the  surface,  and  to  some  little  depth  below  the  surface  of  a  bar  of 
steel,  is  less  than  the  carbon  contained  in  the  rest  of  the  bar.  This 
is  illustrated  diagrammatically  in  Fig.  21  by  the  shaded  area  in  the 
view  to  the  left.  (This  decarbonization  is  probably  due  to  the  action 
of  the  oxygen  of  the  air  on  the  bar  during  the  process  of  manufacture.) 
If  stock  for  a  reamer  is  so  centered  that  the  tool  removes  the  de- 
carbonized surface  only  on  one  side,  as  illustrated  to  the  right,  evi- 
dently when  the  reamer  is  finished  and  hardened,  the  teeth  on  the 
side  A  will  be  harder  than  those  on  the  opposite  side,  which  would 
not  have  been  the  case  if  the  rough  bar  had  been  centered  true.    To 
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Flff.  22.   Three  Methods  of  Pacing  the  Bad  Square 

avoid  any  trouble  of  this  kind,  stock  that  is  to  be  used  for  hardened 
tools,  should  be  enough  larger  than  the  finished  diameter  and  so 
centered  that  this  decarbonized  surface  will  be  entirely  removed  in 
turning. 

Facing;  the  Ends  of  Centered  Stock 

As  a  piece  of  work  is  not  properiy  centered  until  the  ends  are  faced 
square,  we  will  consider  this  operation  in  connection  with  centering. 
Some  machinists  prefer  lathe  centers  that  are  cut  away  as  shown  at  A, 
Fig.  22,  so  that  the  point  of  the  side  tool  can  be  fed  in  far  enough 
to  face  the  end  right  up  to  the  center  hole.  Others,  instead  of  using,  a 
special  center,  simply  loosen  the  regular  one  slightly  and  then,  with 
the  tool  in  a  position  as  at  B%  face  the  projecting  teat  by  feeding 
both  tool  and  center  inward  as  shown  by  the  arrow.  Whenever  this 
method  is  employed,  care  should  be  taken  to  remove  any  chips  from 
the  center  hole  which  may  have  entered.  A  method  which  makes  it 
unnecessary  to  loosen  the  regular  center,  or  to  use  a  special  one,  is  to 
provide  clearance  for  the  tool-point  by  grinding  it  to  an  angle  of 
approximately  forty-five  degrees,  as  shown  at  C.  If  the  tool  is  not 
set  too  high,  it  can  then  be  fed  right  up  to  the  lathe  center  and  the 
end  squared  without  difficulty.  As  for  the  special  ^center  A,  the  use 
of  special  tools  and  appliances  should  always  be  avoided  unless  they* 
effect  a  saving  in  time  or  their  use  makes  it  possible  to  accomplish 
the  same  end  with  less  work. 
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THE  USB  OP  LATHE  MANDRELS 

When  it  is  necessary  to  turn  the  outside  of  a  part  having  a  hole 
through  it,  centers  cannot,  of  course,  he  drilled  in  the  ends  and 
other  means  must  he  resorted  to.  We  shall  assume  that  the  hushing  B, 
Fig.  24,  has  a  finished  hole  through  the  center,  and  it  is  desired  to 
turn  the  outside  cylindrical  and  concentric  with  the  hole.  This  could 
he  done  by  forcing  a  tightly-fitted  mandrel  M,  having  accurately- 
centered  ends,  into  the  hushing,  and  inserting  the  mandrel  and  work 
between  the  lathe  centers  h  and  ht  as  shown.  Evidently,  if  the  mandrel 
runs  true  on  its  centers,  the  hole  in  the  hushing  will  also  run  true 
and  the  outside  can  be  turned  the  same  as  though  the  mandrel  and 


Fig.  23.    Different  Types  of  Mandrel* 

bushing  were  a  solid  piece.  From  this  it  will  be  seen  that  a  mandrel 
simply  forms  a  temporary  support  for  work  that  is  bored  and  there- 
fore cannot  be  centered. 

Another  example  of  work  that  would  be  turned  on  an  arbor  is  shown 
in  Fig.  25.  This  is  a  small  cast-iron  wheel  having  a  finished  hole 
through  the  hub,  and  the  outer  surface  and  sides  of  the  rim  are  to 
be  turned  true  with  this  hole.  In  this  case,  the  work  would  also  be 
held  by  pressing  a  mandrel  through  the  hub  as  shown.  This  method, 
however,  would  only  apply  to  comparatively  small  wheels  because  it 
would  be  difficult,  if  not  Impossible,  to  prevent  a  large  wheel  from 
turning  on  the  arbor  when  taking  a  cut,  and  even  if  it  could  be  driven, 
large  work  could  be  done  to  better  advantage  on  another  type  of 
machine.     (The  vertical  boring  mill  is  used  extensively  for  turning 
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irge  wheels).     When  turning  the  outside  of  the  rim,  a  tool  similar 

»  that  shown  at  t  should  be  used,  but  for  facing  or  turning  the  sides, 

might  be  better,  if  not  necessary,  to  use  tools  having  bent  ends 

j  shown  by  the  dotted  lines;   in  fact,  turning  tools  of  various  kinds 

are  made  with  the  ends  bent  to  the   right  or   left,  as   this  enables 


Pig.  S4.    Bushing*  mounted  on  Mandrel  for  Turning1 

them   to  be   used   on   surfaces  that   could   not   be  reached   very   well 
with  a  straight  tool. 

If  a  comparatively  large  pulley   is  mounted  near   the  end   of  the 
mandrel,  it  can  be  driven  directly  by  pins  attached  to  the  faceplate  and 
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Fig.  36.  Taming-  Pulley  Held  on  Mandrel 

engaging  the  pulley  arms.     When  this  method   is  employed,   a  dog 
is,    of    course,    unnecessary. 

Different  Types  of  Lathe  Mandrels 

Three  different  types  of  lathe  mandrels  are  shown  In  Fig.  23.    The 

kind  shown  at  A  is  usually  made  of  tool  steel  and  the  body  is  finished 

to  a  standard  size.     The  ends  are  somewhat  reduced  and  flat  spots 

are  milled,  as  shown,  to  give  the  clamping  screw  of  the  dog  a  good 
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grip.  This  type  is  used  very  extensively,  but  in  shops  where  a  great 
variety  of  work  is  being  done  and  there  are  many  odd-sized  holes, 
the  expanding  mandrel  B  can  be  used  to  advantage.  This  type,  instead 
of  being  solid,  consists  of  a  tapering  inner  mandrel  M  on  which  is 
placed  a  split  bushing  that  can  be  expanded,  within  certain  limits, 
by  driving  in  the  tapering  member.  The  advantage  of  this  type  is 
that  a  compartively  small  stock  of  mandrels  is  required,  as  different 

sized  bushings  can  be 
used.  This  type  can 
also  be  fitted  to  holes 
of  odd  sizes,  whereas  a 
solid  mandrel  must  be 
provided  ior  each  dif- 
ferent size  of  hole.  The 
latter  are,  however, 
more  accurate  than  the 
expanding  type.  An- 
other form  of  expand- 
ing mandrel  is  shown 
at  C.  This  type  has  a 
straight  body  N  in 
which  four  tapering 
grooves  are  cut  length- 
wise, as  shown,  and 
there  is  a  sleeve  Sf  con- 
taining four  slots  that 
are  located  to  corres- 
pond with  the  tapering 
grooves.  Strips  s  are 
fitted  in  these  slots, 
and  as  the  part  AT  is 
driven  in,  the  strips 
are  moved  outward  as 
they  ascend  the  taper- 
ing grooves.  By  having 
different  sets  of  these 
strips  of  various 
heights,  one  mandrel  of  this  type  can  be  made  to  cover  quite  a  range 
of  sizes.  It  is  not  suited,  however,  to  thin  work,  as  the  pressure,  being 
concentrated  in  four  places,  would  spring  it  out  of  shape. 

Particular  care  should  be  taken  to  preserve  the  accuracy  of  the 
centers  of  lathe  mandrels  by  keeping  them  clean  and  well-oiled  while 
in  use. 

Mandrel  or  Arbor  Press 

The  best  method  of  inserting  a  mandrel  in  a  hole  is  by  using  a 
press,  Fig.  26,  designed  for  that  purpose,  but  if  such  a  press  is  not 
available  and  it  is  necessary  to  drive  the  mandrel  in,  a  "soft"  hammer, 
made  of  copper,  lead  or  other  soft  material,  should  be  used  to  protect 
the  end  of  the  mandrel.     In  either  case,  the  mandrel  should   not  be 


Fig,  26.    Press  for  Forolnf  Mandrels  Into  Work 
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forced  in  too  tightly,  for  if  it  fits  properly,  this  will  not  be  necessary 
in  order  to  hold  the  work  securely.  On  the  other  hand,  the  work 
might  easily  be  broken  by  attempting  to  force  the  mandrel  in  as 
far  and  as  tightly  as  possible.  In  using  the  arbor  press,  the  work  is 
placed  on  the  base  B  with  the  hole  in  a  vertical  position,  and  the 
arbor  (which  should  be  oiled  slightly)  is  forced  down  into  it  by  ram  R, 
operated  by  lever  L.  Slots  are  provided  in  the  base,  as  shown,  so 
that  the  end  of  the  arbor  can  come  through  at  the  bottom  of  the 
hole.  The  lever  of  this  particular  press  is  counter  weighted  so  that 
it  rises  to  a  vertical  position  when  released.  The  ram  can  then  be 
adjusted  quickly  to  any  required  height  by  the  handwheel  seen  at 
the  left. 

Some  shops  are  equipped  with  power-driven  mandrel  or  arbor 
presses.  This  type  is  particularly  desirable  for  large  work,  owing  to 
the  greater  pressure  required  for  inserting  mandrels  that  are  compara- 
tively large  in  diameter.  One  well-known  type  of  power  press  is 
driven  by  a  belt,  and  the  downward  pressure  of  the  ram  is  controlled 
by  a  handwheel  The  ram  is  raised  or  lowered  by  turning  this  hand- 
wheel  in  one  direction  or  the  other,  and  a  gage  shows  how  much  pres- 
sure is  being  applied.  This  type  of  press  can  also  be  used  for  other 
purposes,  such  as  forcing  bushings  or  pins  into  or  out  of  holes,  bend- 
ing or  straightening  parts,  or  for  similar  work. 
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CHUCK  AND  FACEPLATE  WORK 

Many  parts  that  are  turned  in  the  lathe  are  so  shaped  that  they 
cannot  be  held  between  the  lathe  centers  like  shafts  and  other  similar 
pieces  and  it  is  often  necessary  to  hold  them  in  a  chuck  A.  Fig.  27, 
which  is  screwed  on  the  lathe  spindle  instead  of  the  faceplate.  The 
work  is  gripped  by  the  jaws  J  which  can  be  moved  in  or  out  to  ac- 
commodate various  diameters.  There  are  three  classes  of  chucks 
ordinarily  used  on  the  lathe,  known  as  the  independent,  universal,  and 
combination  types.  The  independent  chuck  is  so  named  because  each 
jaw  can  be  adjusted  in  or  out  independently  of  the  others  by  turning 
the  jaw  screws  8  with  a  wrench.  The  jaws  of  the  universal  chuck 
all  move  together  and  keep  the  same  distance  from  the  center,  and 


Pig.  27.    Chuck  and  Faceplate  Jaw 

they  can  be  adjusted  by  turning  any  one  of  the  screws  8,  whereas 
with  the  independent  type  the  chuck  wrench  must  be  applied  to  each 
jaw  screw.  The  combination  chuck,  as  the  name  implies,  may  be 
changed  to  operate  either  as  an  independent  or  universal  type.  The 
advantage  of  the  universal  chuck  is  that  round  and  other  parts  of 
a  uniform  shape  are  located  in  a  central  position  for  turning  without 
any  adjustment.  The  independent  type  is,  however,  preferable  in 
some  respects  as  it  is  usually  stronger  and  adapted  for  holding  odd- 
shaped  pieces  because  each  jaw  can  be  set  to  any  required  position. 

Radial  Facing-  or  Turning' 
As  an  example  of  chuck  work,  we  shall  assume  that  the  sides  of 
disk  D,  Fig.  28,  are  to  be  turned   fiat  and  parallel   with  each  other 
and   that  an   independent  chuck  is  to  be  used.     First  the   chuck   is 
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screwed  on  the  lathe  spindle  (after  removing  the  faceplate)  by  holding 
it  with  the  right  hand  and  turning  the  lathe  spindle  with  the  left 
by  pulling  down  on  the  belt.  The  chuck  jaws  are  then  moved  out  or 
in,  as  the  case  may*  be,  far  enough  to  receive  the  disk  and  each 
jaw  is  set  about  the  same  distance  from  the  center  by  the  aid  of 
concentric  circles  on  the  face  of  the  chrck.  The  jaws  are  then  tight- 
ened while  the  disk  is  held  back  against  them  to  bring  the  rough 
inner  surface  in  a  vertical  plane.  If  the  work  is  quite  heavy,  it  can 
be  held  against  the  chuck,  before  the  jaws  are  tightened,  by  inserting 
a  piece  of  wood  between  it  and  the  tailstock  center;  the  latter  is  then 
run  out  far  enough  to  force  the  work  back.  The  outside  or  periphery 
of  the  disk  should  run  nearly  true  and  it  may  be  necessary  to  move 


&^f 


<§> 


~L 


n 

=1 

© 

J" 

( 

i 

II 

w 

F= 


Machinery,  N.Y. 


n* .  38.    Badtel 


Pidtor  H*ld  to  Cfcuck 


the  jaws  in  on  one  side  and  out  on  the  other  to  bring  the  disk  to  a 
central  position.  To  test  its  location,  the  lathe  is  run  at  a  moderate 
speed  and  a  piece  of  chalk  is  held  near  the  outer  surface.  If  the 
latter  runs  out,  the  "high"  side  will  be  marked  by  the  chalk,  and 
this  mark  can  be  used  as  a  guide  in  adjusting  the  jaws.  It  should 
be  remembered  that  the  jaws  are  moved  only  one-half  the  amount 
that  the  work  runs  out. 

A  round-nosed  tool  t  of  the  shape  shown  is  used  for  radial  facing 
or  turning  operations  of  the  kind  illustrated.  This  tool  is  similar  to 
the  kind  used  when  turning  between  centers,  the  principal  difference 
being  in  the  direction  of  the  top  slope.  The  radial  facing  tool  should 
be  ground  to  slope  downward  toward  a  (see  Fig.  29)  whereas  the 
regular  turning  tool  slopes  toward  6,  the  Inclination  in  each  case 
being  away  from  that  part  of  the  cutting  edge  which  does  the  work. 
The  cutting  edge  should  be  the  same  height  as  the  lathe  centers,  and 
the  cut  is  taken  by  feeding  the  tool  from  the  outside  in  to  the  center. 
The  cut  is  started  by  hand  and  then  the  power  feed  is  engaged,  except 
for  small  surfaces.  The  first  cut  should,  if  possible,  be  deep  enough 
to  get  beneath  the  scale,  especially  if  turning  cast  iron,  as  a  tool 
which  just  grazes  the  hard  outer  surface  in  spots  will  be  dulled  in  a 
comparatively   short   time.     5f   it   were   simply   necessary   to   turn   a 
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true  flat  surface  and  the  thickness  of  the  disk  were  immaterial,  two 
cuts  would  be  sufficient,  unless  the  surface  were  very  uneven,  the 
first  or  roughing  cut  being  followed  by  a  light  finishing  cut.  For  a 
finishing  cut,  the  same  tool  could  be  used  but  if  there  were  a  number 
of  disks  to  be  faced,  a  square-nosed  tool  F,  Fig.  29,  could  probably  be 
used  to  better  advantage.  This  type  has  a  broad  flat  cutting  edge 
that  is  set  parallel  with  the  rough-turned  surface  and  this  broad  edge 
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Fig.  20.   Top  of  Tool  should  Slope  away  from  Working  Part  of  Gutting  Bdge 

enables  a  coarse  feed  to  be  taken,  thus  reducing  the  time  required 
for  the  finishing  cut.  If  a  coarse  feed  were  taken  with  the  round  tool, 
the  turned  surface  would  have  spiral  grooves  in  it,  whereas  with  the 
broad  cutting  edge,  a  smooth  surface  is  obtained  even  though  the  feed 
is  coarse.  The  amount  of  feed  per  revolution  of  the  work,  however, 
should  always  be  less  than  the  width  w  of  the  cutting  edge.  Very 
often  broad  tools  cannot  be  used  for  finishing  cuts,  especially  when 
turning  steel,  because  their  greater  contact  causes  chattering  and 
results  in  a  rough  surface.  An  old  and  worn  lathe  is  more  liable  to 
chatter  than  one  that  is  heavy  and  well-built,  and  as  the  diameter  of 
the  work  also  makes  a  difference,  a  broad  tool  cannot  always  be  used 
for  finishing,  even  though,  theoretically,  it  would  be  preferable.    After 
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Fig.  80.    Boring  Tool 

one  side  of  the  disk  is  finished,  it  is  reversed  in  the  chuck,  the  finished 
surface  being  placed  against  the  jaws.  The  remaining  rough  side  Is 
then  turned,  care  being  taken  when  starting  the  first  cut  to  caliper  the 
width  of  the  disk  at  several  points  to  make  sure  that  the  two  sides 
are  parallel. 

Example  of  Boring:— Tool  Used    . 

Another  example  of  chuck  work  is  shown  at  B,  Fig.  28.     In  this 
case  a  cast-iron  pulley  is  to  have  a  true  hole  h  bored  through  the 
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hub.  (The  finishing  of  internal  cylindrical  surfaces  in  a  lathe  is*- re- 
ferred to  as  boring  rather  than  turning).  The  casting  should  be  set 
true  by  the  rim  instead  of  by  the  rough-cored  hole  in  the  hub;  this  can 
be  done  by  the  use  of  chalk  as  previously  explained.  Even  though  a 
universal  type  of  chuck  were  used,  the  jaws  of  which,  as  will  be  re- 
called, are  self-centering,  it  might  be  necessary  to  turn  the  pulley 
relative  to  the  chuck  as  a  casting  sometlmos   runs  out  because   of 


Fig.  81.    Setting*  Outside  Caliper*— Transferrin*  Measurement  to  Inside 
Calipers— Micrometer  Gaffe 

rough  spots  or  lumps  which  happen  to  come  beneath  one  or  more  of 
the  jaws.  The  shape  of  tool  t  for  fcorlng  is  quite  different  from  one 
used  for  outside  turning,  as  shown  by  Fig.  30..  The  cutting  end  is 
forged  approximately  at  right  angles  to  the  body  or  shank,  and  the 


PI*.  89.   Standard  Pins;  Gage 

top  surface  is  ground  to  slope  away  from  the  working  part  to  of  the 
cutting  edge,  as  with  practically  all  turning  tools.  The  front  part 
or  flank  /  is  also  ground  away  to  give  the  edge  clearance.  This  type 
of  tool  is  clamped  in  the  toolpost  with  the  body  about  parallel  with 
the  lathe  spindle,  and  ordinarily  the  cutting  edge  would  be  about  as 
high  as  the  center  of  the  hole,  or  a  little  below  if  anything.  When 
starting  a  cut,  the  tool  is  brought  up  to  the  work  by  moving  the  car- 
riage and  it  is  then  adjusted  radially  to  get  the  right  depth  of  cut. 
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The  pow~er  feed  for  the  carriage  is  then  used,  the  tool  feeding  back 
through  the  hole  as  indicated  by  the  arrow,  Fig.  28.  In  this  case, 
as  with  all  turning  operations,  the  first  cut  should  be  deep  enough  to 
cut  beneath  the  hard  outer  scale  at  every  part  of  the  hole.  Usually  a 
rough-cored  hole  is  so  much  smaller  than  the  finished  size  that  several 
cuts  are  necessary;   in  any  case  the  last  or  finishing  cut  should  be 


Fig.  88.    Sotting  Work  with  roforonoo  to  Bnrfttoos  to  bo  Tnrnod 

very  light  to  prevent  the  tool  from  springing  away  from  the  work, 
so  that  the  hole  will  be  as  true  as  possible.  Boring  tools,  particularly 
for  small  holes,  are  not  as  rigid  as  those  used  for  outside  turning, 
as  the  tool  has  to  be  small  enough  to  enter  the  hole  and  for  this 
reason   comparatively   light  cuts  have  to  be  taken.     When  boring  a 


Flff.  84.    Drilling  In  the  Lotho 

small   hole,  the  largest   tool   that   will   enter   it   without   interference 
should  be  used  to  get  the  greatest  rigidity  possible. 

Measuring1  Bored  Holes 
The  diameters  of  small  holes  that  are  being  bored  are  usually  meas- 
ured with  inside  calipers  or  standard  gages.  If  the  pulley  were  being 
bored  to  fit  over  some  shaft,  the  diameter  of  the  shaft  would  first 
be  measured  by  using  outside  calipers  as  shown  at  A,  Fig.  31,  the 
measuring  points  of  the  calipers  being  adjusted  until  they  just  made 
contact  with  the  shaft  when  passed  over  it.  The  inside  calipers  are 
then  set  as  at  B  to  correspond  with  the  size  of  the  shaft,  and  the 
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hole  is  bored  just  large  enough  to  admit  the  inside  calipers  easily. 
Very  accurate  measurements  can  be  made  with  calipers,  but  to  become 
expert  in  their  use  requires  experience.  Some  mechanics  never  become 
proficient  in  the  art  of  calipering  because  their  hands  are  "heavy" 
and  they  lack  the  sensitiveness  and  delicacy  of  touch  that  is  necessary. 
For  large  holes,  a  gage  C  is  often  used,  the  length  I  being  adjusted 
to  the  diameter  desired.  Small  holes  are  often  bored  to  fit  hardened 
steel  plug  gages  (Fig.  32),  the  cylindrical  measuring  ends  of  which 
are  made  with  great  accuracy  to  standard  sizes.  This  type  of  gage 
is  particularly  useful  when  a  number  of  holes  have  to  be  bored  to 

the  same  size,  all  holes 
being  made  just  large 
enough  to  fit  the  gage 
without  any  perceptible 
Play. 

Setting  Work  in  the 
Chuck 

When  setting  a  part 
in  a  chuck,  care  should 
be  taken  to  so  locate  it 
that  every  surface  to  be 
turned  will  be  true 
when  machined  to  the 
finished  size.  As  a  sim- 
ple illustration,  let  us 
assume  that  the  hole 
through  the  cast-iron 
disk,  Fig.  33,  has  been 
cored  considerably  out 
of  center  as  shown.  If 
the  work  is  set  by  the 
outside  surface  &,  as  it 
would  be  ordinarily,  the 
hole  is  so  much  out  of 
center  that  it  will  not 
be  true  when  bored  to 
the  finished  size,  as  in- 
dicated by  the  dotted 
lines.  On  the  other  hand,  if  the  rough  hole  is  set  true,  the  outside  can- 
not be  finished  all  over,  without  making  the  diameter  too  small,  when 
it  is  finally  turned.  In  such  a  case,  the  casting  should  be  shifted,  as 
shown  by  the  arrow,  to  divide  the  error  between  the  two  surfaces,  both 
of  which  can  then  be  turned  as  shown  by  the  dotted  lines  in  the  view 
to  the  right.  This  principle  of  dividing  the  error  when  setting  work 
can  often  be  applied  in  connection  with  turning  and  boring.  Hence, 
after  a  casting  or  other  part  has  been  set  true  by  the  most  important 
surface,  all  other  surfaces  which  require  machining  should  then  be 
tested  to  make  sure  that  they  all  can  be  finished  to  the  proper  size. 


Pl0.  36. 


Special  Tool  which  Forma  »  Orator  for 
Btertteff  the  Drill 
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Drilling-  and  Beaming1 

When  a  hole  is  to  he  bored  from  the  solid,  it  is  necessary  to  drill 
a  hole  before  a  boring  tool  can  be  used.  One  method  of  drilling  in 
the  lathe  is  to  insert  an  ordinary  twist  drill  in  a  holder  or  socket  S, 
Pig.  34,  fitted  in  the  tailstock  spindle  in  place  of  the  center.  The 
drill  is  then  fed  through  the  work  by  turning  the  handle  n  and 
feeding  the  spindle  outward  as  shown  by  the  arrow.  Before  beginning 
to  drill,  It  Is  well  to  turn  a  conical  spot  or  center  for  the  drill  point 
by  using  a  special  tool,  Fig.  35,  having  a  point  like  a  flat  drill.  This 
tool  is  clamped  in  the  toolpost  with  the  point  at  the  same  height  as 
the  lathe  centers.  It  is  then  moved  to  the  center  of  the  work  and 
a  conical  center  is  turned  as  shown  by  the  sectional  view.  If  the 
drill  were  not  given  this  true  starting  .point,  it  probably  would  enter 
the  work  more  or  less  off  center.     Drills  can  also  be  started  without 


Fig.  86.    Flat  DrlU  and  Holder 

turning  a  center  by  bringing  the  square  end  or  butt  of  a  tool-shank 
held  in  the  toolpost,  in  contact  with  the  drill  near  the  cutting  end. 
If  the  point  starts  off  center,  thus  causing  the  drill  to  wobble,  the 
stationary  tool-shank  will  gradually  force  or  bump  it  over  to  the 
center. 

Small  holes  are  often  finished  in  the  lathe  by  drilling  and  reaming 
without  the  use  of  a  boring  tool.  The  form  of  drill  that  is  used  quite 
extensively  for  drilling  cored  holes  in  castings  is  shown  in  Fig.  36 
at  A.  This  drill  is  flat  and  the  right  end  has  a  large  center  hole  for 
receiving  the  center  of  the  tailstock.  To  prevent  the  drill  from  turning, 
a  holder  B,  having  a  slot  s  in  its  end  through  which  the  drill  passes, 
is  clamped  in  the  toolpost,  as  at  C.  This  slot  should  be  set  central 
with  the  lathe  centers,  and  the  drill,  when  being  started,  should  be 
held  tightly  in  the  slot  by  turning  or  twisting  it  with  a  wrench  as 
indicated   in  the  end  view  at  D;  this  steadies  the  drill   and   causes 
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it  to  start  fairly  true  even  though  the  cored  hole  runs  out  considerably. 
Another  style  of  tool  for  enlarging  cored  holes  is  shown  in  Fig.  37, 
at  A.  This  is  a  rose  chucking  reamer,  having  beveled  cutting  edges  on 
the  end  and  a  cylindrical  body,  which  fits  closely  in  the  reamed  hole, 
thus  supporting  and  guiding  the  cutting  end.  The  reamer  shown 
at  B  is  a  fluted  type  with  cutting  edges  that  extend  from  a  to  6;  it  is 
used  for  finishing  holes  and  the  drill  or  rose  reamer  preceding  it 
should  leave  the  hole  very  close  to  the  required  size.  These  reamers 
are  held  while  in  use  in  a  socket  inserted  in  the  tallstock  spindle,  as 
when  using  a  twist  drill. 

Holding  Work  on  Faceplate 

Some  castings  or  forgings  are  so  shaped  that  they  cannot  be  held 
in  a  chuck  very  well,  or  perhaps  not  at  all,  and  work  of  this  kind 
is  often  held  by  clamping  it  to  the  faceplate.  An  example  of  faceplate 
work  is  shown  in  Fig.  38,  This  is  a  rectangular  cast-iron  plate 
having  a  round  boss  or  projection,  the  end  e  of  which  is  to  be  turned 
parallel  with  the  back  face  of  the  plate  which  was  previously  finished 
on  a  planer.    A  rough  cored  hole  through  the  center  of  the  boss  also 


Flf.  87.    Bos*  and  Plated  Reamers 

needs  to  be  bored  true.  The  best  way  to  perform  this  operation 
in  the  lathe  would  be  to  clamp  the  finished  surface  of  the  casting 
directly  against  the  faceplate  by  bolts  and  clamps  a,  6,  c,  and  d, 
as  shown;  the  work  would  then  be  turned  just  as  though  it  were 
held  in  a  chuck.  By  holding  the  casting  in  this  way,  face  e  will  be 
finished  parallel  with  the  back  surface  because  the  latter  is  clamped 
directly  against  the  true-running  surface  of  the  faceplate.  If  a  casting 
of  this  shape  were  small  enough  it  could  also  be  held  in  the  jaws  of 
an  independent  chuck,  but  if  the  surface  e  needs  to  be  exactly  parallel 
with  the  back  face,  it  is  better  to  clamp  the  work  to  the  faceplate. 
Most  lathes  have  two  faceplates:  One  of  small  diameter  used  princi- 
pally for  driving  work  turned  between  centers,  and  a  large  one  for 
holding  heavy  or  irregularly  shaped  pieces;  either  of  these  can  be 
screwed  on  the  spindle  and  the  large  faceplate  has  a  number  of  slots 
through  which  clamping  bolts  can  be  inserted. 

.The  proper  way*  to  clamp  a  piece  to  the  faceplate  depends,  of  course, 
largely  on  its  shape  and  the  location  of  the  surface  to  be  machined, 
but  In '  any  case  it  is  necessary  to  hold  it  securely  to  prevent  any 
shifting  after  a  cut  is  started.  Sometimes  castings  can  be  held  by 
inserting  bolts  through  previously  drilled  holes,  but  when  clamps  are 
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used  in  connection  with  the  bolts,  their  outer  ends  are  supported  by 
hard  wood  or  metal  blocks  which  should  be  just  high  enough  to  make 
the  clamp  bear  evenly  on  the  work.  When  deep  roughing  cuts  have 
to  be  taken,  especially  on  large  diameters,  it  is  well  to  bolt  a  piece 
to  the  faceplate  and  against  one  side  of  the  casting,  as  at  D,  to  act 
as  a  driver  and  prevent  the  work  from  shifting;  but  a  driver  would 
not  be  needed  in  this  particular  case.  Of  course  a  faceplate  driver  is 
always  placed  to  the  rear,  as  determined  by  the  direction  of  rotation, 
because  the  work  tends  to  shift  backward  when  a  cut  is  being  taken. 
If  the  surface  which  is  clamped  against  the  faceplate  is  finished  as 
in  this  case,  the  work  will  be  less  likely  to  shift  if  a  piece  of  paper 
is  placed  between  it  and  the  faceplate.  Work  mounted  on  the  faceplate 
is  generally  set  true  by  some  surface  before  turning.  As  the  hole  in 
this  casting  should  be  true  with  the  round  boss,  the  casting  is  shifted 
on  the  faceplate  until  the  rough  outer  surface  of  the  boss  runs  true; 
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Fig.  88.    Ommtbkg  O0*mp«d  to  Faceplate  for  Turning 

the  clamps  which  were  previously  set  up  lightly  are  then  tightened. 
The  face  e  Is  first  turned  by  using  a  round-nosed  tool.  This  tool  is 
then  replaced  by  a  boring  tool  and  the  hole  is  finished  to  the  required 
diameter.  If  the  hole  being  bored  is  larger  than  the  central  hole  in 
the  faceplate,  the  casting  should  be  clamped  against  parallel  pieces, 
and  not  directly  against  the  faceplate,  to  provide  clearance  for  the 
tool  when  it  reaches  the  inner  end  of  the  hole  and  prevent  cutting 
the  faceplate.  The  parallel  pieces  should  be  of  the  same  thickness 
and  be  located  near  the  clamps  to  prevent  springing  the  casting. 

Application  of  Angle-plate  to  Faceplate 

Another  example  of  faceplate  work  is  shown  in  Fig.  39.  This  is  a 
cast-iron  elbow  E,  the  two  flanges  of  which  are  to  be  faced  true  and 
square  with  each  other.  The  shape  of  this  casting  is  such  that  it 
would  be  very  difficult  to  clamp  it  directly  to  the  faceplate,  but  it 
is  easily  held  on  an  angle-plate  P,  which  is  bolted  to  the  faceplate. 
The  two  surfaces  of  this  angle-plate  are  square  with   each  other  so 
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that  when  one  flange  of  the  elbow  Is  finished  and  bolted  against  the 
angle-plate,  the  other  will  be  faced  square.  When  setting  up  an  angle- 
plate  for  work  of  this  kind,  the  distance  from  its  work-holding  side  to 
the  center  of  the  faceplate  is  made  equal  to  the  distance  d  between 
the  center  of  one  flange  and  the  face  of  the  other,  so  that  the  flange 
to  be  faced  will  run  about  true  when  bolted  in  place.  As  the  angle- 
plate  and  work  are  almost  entirely  on  one  side  of  the  faceplate,  a 
weight  W  is  attached  to  the  opposite  side  for  counterbalancing.  Very 
often  weights  are  also  needed  to  counterbalance  offset  parts  that  are 
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Fl*.  89.    Work  Held  on  Angle-plftto  attaohod  to  Faoeplate 

bolted  directly  to  the  faceplate.  Sometimes  it  is  rather  difficult  to 
hold  heavy  pieces  against  the  vertical  surface  of  the  faceplate  while 
applying  the  clamps,  and  occasionally  the  faceplate  is  removed  and 
placed  in  a  horizontal  position  on  the  bench;  the  work  can  then 
be  located  about  right,  and  after  it  is  clamped,  the  faceplate  is  placed 
on  the  lathe  spindle  by  the  assistance  of  a  crane. 

Special  faceplate  jaws  such  as  the  one  shown  to  the  right  in  Fig.  27, 
can  often  be  used  to  advantage  for  holding  work  on  large  faceplates. 
Three  or  four  of  these  jaws  are  bolted  to  the  faceplate  which  is  con- 
verted into  a  kind  of  independent  chuck.  These  faceplate  jaws  are 
especially  useful  for  holding  irregularly  shaped  parts  as  the  different 
jaws  can  be  located  in  any  position. 


Digitized  by 


Google 


CHAPTER  VI 


LATHE  TURNING  TOOLS 

Notwithstanding  the  fact  that  a  great  variety  of  work  can  be  done 
in  the  lathe,  the  number  of  turning  tools  required  is  comparatively 
small.  Fig.  41  shows  -the  forms  of  tools  that  are  used  principally, 
and  typical  examples  of  the  application  of  these  various  tools  are 
indicated  in  Fig.  42.  The  reference  letters  used  in  these  two  illustra- 
tions correspond  for  tools  of  the  same  type,  and  both  views  should  be 
referred  to  in  connection  with  the  following  description. 

The  tool  shown  at  A  is  the  form  generally  used  for  rough  turning, 
that  is  for  taking  deep  cuts  when  considerable  metal  has  to  be  removed. 
At  B  a  tool  of  the  same  type  is  shown,  having  a  bent  end  which  enables 
it  to  be  used  close  up  to  a  shoulder  or  surface  s  that  might  come  In 
contact  with  the  tool-rest  if  the  straight  form  were  employed.  Tool  C. 
which  has  a  straight  cutting  end,  is  used  on  certain  classes  of  work 
for  taking  light  finishing  cuts,  with  a  coarse  feed.  As  explained  in 
Chapter  V,  this  type  of  tool  will  leave  a  smooth  finish  even  though 


Flff.  40.    Turning  Tool  with  Inserted  Cutter 

the  feed  is  coarse,  provided  the  flat  cutting  edge  is  set  parallel  with 
the  tool's  travel  so  as  to  avoid  ridges.  Broad-nosed  tools  and  wide 
feeds  are  better  adapted  for  finishing  cast  iron  than  steel.  When 
turning  steel,  if  the  work  is  at  all  flexible,  a  broad  tool  tends  to  gouge 
into  it  and  for  this  reason  round-nosed  tools  and  finer  feeds  are  gen- 
erally necessary.  A  little  experience  in  turning  will  teach  more  on 
this  point  than  a  whole  chapter  on  the  subject. 

The  side  tools  shown  at  D  and  E  are  for  facing  the  ends  of  shafts, 
collars,  etc.  The  first  tool  is  known  as  a  right-side  tool  because  it 
operates  on  the  right  end  or  side  of  a  shaft  or  collar,  whereas  the 
left-side  tool  E  is  used  on  the  opposite  side,  as  shown  in  Fig.  42.  Side 
tools  are  also  bent  to  the  right  or  left  because  the  cutting  edge  of  a 
straight  tool  cannot  always  be  located  properly  for  facing  certain 
surfaces.  A  bent  right-side  tool  is  shown  at  F.  A  form  of  tool  that 
is  frequently  used  is  shown  at  O;  this  is  known  as  a  parting  tool  and 
is  used  for  severing  pieces  and  for  cutting  grooves,  squaring  cor- 
ners, etc.  The  same  type  of  tool  having  a  bent  end  is  shown  at  H  (Fig. 
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42)  severing  a  piece  held  in  the  chuck.  Work  that  is  held  between  cen- 
ters should  not  be  entirely  severed  with  a  parting  tool  unless  a  steady- 
rest  is  placed  between  the  tool  and  faceplate,  as  otherwise  the  tool  may 
he  broken  by  the  springing  of  the  work  just  before  the  piece  is  cut 
In  two.     It  should  be  noted  that  the  sides  of  this  tool  slope  inward 


Fig.  41.    Set  of  Lathe  Turning  Tools  for  General  Work 

back  of  the  cutting  edge  to  provide  clearance  when  cutting  in  a  narrow 
groove. 

At  7  a  thread  tool  is  shown  for  cutting  a  U.  S.  standard  thread. 
This   thread    is   the   form   most   commonly    used    in   this    country    at 
the  present  time.     A  tool  for  cutting  a  square  thread  is  shown  at  /. 
This  Is  shaped  very  much  like  a  parting  tool  except  that  the  cutting 
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Flff.  42.    Views  Illustrating  Uss  of  Various  Types  of  Laths  Tools 

end  is  inclined  slightly  to  correspond  with  the  helix  angle  of  the 
thread,  as  explained  in  Chapter  IV,  of  Machinery's  Reference  Book, 
No.  92,  which  contains  descriptions  of  different  thread  forms  and 
methods  of  cutting  them.    Internal  thread  tools  are  shown  at  K  and  L 
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for  cutting  U.  S.  standard  and  square  threads  in  holes.  It  will  be 
seen  that  these  tools  are  somewhat  like  boring  tools  excepting  the 
ends  which  are  shaped  to  correspond  with  the  thread  which  they  are 
intended  to  cut. 

A  tool  for  turning  brass  is  shown  at  M.  Brass  tools  intended  for 
general  work  are  drawn  out  quite  thin  and  they  are  given  a  narrow 
rounded  point.  The  top  of  the  brass  tool  is  usually  ground  flat  or 
without  slope  as  otherwise  it  tends  to  gouge  into  the  work,  especially 


FUr.  48.   Heavy  Inaerted-outter  Tuning  Tool 

if  the  latter  is  at  all  flexible.  The  end  of  a  brass  tool  is  sometimes 
ground  flat  for  turning  large  rigid  work,  such  as  brass  pump  linings, 
etc.,  so  that  a  coarse  feed  can  be  used  without  leaving  a  rough  surface. 
The  tools  at  X  and  0  are  for  boring  or  finishing  drilled  or  cored  holes. 
Two  sizes  are  shown,  which  are  intended  for  small  and  large  holes, 
respectively. 

The  different  tools  referred  to  in  the  foregoing  might  be  called  the 
standard  types  because  they  are  the  ones  generally  used,  and  as  Fig. 


Fl*.  44.   Parting  Tool  with  Inaarted  Blade 

42  indicates,  they  make  it  possible  to  turn  an  almost  endless  variety 
of  forms.  Occasionally  some  special  form  of  tool  is  needed  for  doing 
odd  jobs,  having,  perhaps,  an  end  bent  differently  or  a  cutting  edge 
shaped  to  some  particular  form.  Tools  of  the  latter  type,  which  are 
known  as  "form  tools,"  are  sometimes  used  for  finishing  surfaces  that 
are  either  convex,  concave,  or  irregular  in  shape.  The  cutting  edges 
oi  these  tools  are  carefully  filed  or  ground  to  the  required  shape,  and 
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the  form  given  the  tool  is  reproduced  in  the  part  turned.  Ornamental 
or  other  irregular  surfaces  can  be  finished  very  neatly  by  tho  use  of 
such  tools.  It  is  very  difficult,  of  course,  to  turn  convex  or  concave 
surfaces  with  a  regular  tool;  in  fact,  it  would  not  be  possible  to  form 
a  true  spherical  surface,  for  instance,  without  special  equipmant, 
because  the  tool  could  not  be  moved  along  a  true  curve  by  simply  using 
the  longitudinal  and  cross  feeds.    Form  tools  should  be  sharpened  by 


Fig.  46.    Boring  Tool  with  Inserted  Cutter  and  Adjustable  Bar 

grinding  entirely  on  tho  top  surface,  as  any  grinding  on  the  end  or 
flank  would  alter  the  shape  of  the  tool. 

Tool-holders  with  Inserted  Cutters 

All  of  the  tools  shown  in  Fig.  41  are  forged  from  the  bar,  and  when 
the  cutting  ends  have  been  ground  down  considerably  it  is  necessary  % 
to  forge  a  new  end.    To  eliminate  the  expense  of  this  continual  dressing 
of  tools  and  also  to  effect  a  great  reduction  In  the  amount  of  tool 


Pig*.  46.   Threading'  Tool 

steel    required,    tool-holders    having   small    inserted    cutters    are    used 
in  many  shops. 

A  tool-holder  of  this  type  for  outside  turning  is  shown  in  Fig.  40. 
The  cutter  C  is  held  in  a  fixed  position  by  the  set-screw  shown,  and  it 
is  sharpened,  principally,  by  grinding  the  end,  except  when  it  is  desired 
to  give  the  top  of  the  cutter  a  different  slope  from  that  due  to  its 
angular  position.  Another  inserted-cutter  turning  tool  is  shown  in 
Fig.  43,  which  is  a  heavy  type  intended  for  roughing.     The  cutter  in 
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this  case,  has  teeth  on  the  rear  side  engaging  with  corresponding 
teeth  cut  in  the  clamping  block  which  is  tightened  by  a  set-screw 
on  the  side  opposite  that  shown.  With  this  arrangement,  the  cutter 
can  be  adjusted  upward  as  the  top  is  ground  away. 

A  parting  tool  of  the  inserted  blade  type  is  shown  in  Fig.  44.  The 
blade  B  is  clamped  by*  screw  8  and  also  by  the  spring  of  the  holder 
when  the  latter  is  clamped  in  the  tool-post.  The  blade  can,  of  course, 
be  moved  outward  when  necessary.  Fig.  45  shows  a  boring  tool  con- 
sisting of  a  holder  H,  a  bar  B  that  can  be  clamped  in  any  position, 
and  an  inserted  cutter  c.  With  this  type  of  boring  tool,  the  bar  can 
be  extended  beyond  the  holder  just  far  enough  to  reach  through  the 
hole  to  be  bored,  which  makes  the  tool  very  rigid.  A  thread  tool  of 
the  holder  type  is  shown  in  Fig.  46.  The  angular  edge  of  the  cutter  C 
is  accurately  ground  by  the  manufacturers,  so  that  the  tool  is 
sharpened  by  simply  grinding  it  flat  on  the  top.  As  tfie  top  is  ground 
away,  the  cutter  is  raised  by  turning  screw  8  which  can  also  be  used 
for  setting  the  tool  to  the  proper  height. 
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STEADY-  AND  FOLLOW-RBSTS 


Occasionally  long  slender  shafts,  rods,  etc.,  which  have  to  be  turned, 
are  so  flexible  that  it  is  necessary  to  support  them  at  some  point 
between  the  lathe  centers.  An  attachment  for  the  lathe  known  as  a 
steady  rest  is  often  used  for  this  purpose.  A  steady  rest  is  composed 
of  a  frame  containing  three  jaws  J  (Fig.  47),  that  can  be  adjusted 
in  or  out  radially  by  turning  screws  8.  The  frame  is  hinged  at  h,  thus 
allowing  the  upper  half  to  be  swung  back  (as  shown  by  the  dotted 
lines)  for  inserting  or  removing  the  work.  The  bolt-clamp  c  holds 
the  hinged  part  in  the  closed  position.     The  base  of  the  frame  has 


Flf.  47.    Steady-  and  FoUow-reete  fbr  Supporting  Flexible  Parte  while  Tornine; 


V-grooves  in  it  that  fit  the  ways  of  the  lathe  bed.  When  the  steady- 
rest  is  in  use,  it  is  secured  to  the  bed  by  clamp  C,  and  the  jaws  J 
are  set  in  against  the  work,  thus  supporting  or  steadying  it  during  the 
turning  operation.  The  steadyrest  must,  of  course,  be  located  at  a 
point  where  it  will  not  interfere  with  the  turning  tool. 

Supporting  Flexible  Work  with  a  Steadyrest 
Fig.  48  shows  the  application  of  the  steadyrest  to  a  long  forged 
rod,  having  one  small  end,  which  makes  it  too  flexible  to  be  turned 
without  support.  As  this  forging  is  rough,  a  true  surface  n  a  little 
wider  than  the  jaws  J  (Fig.  47)  is  first  turned  as  a  bearing  for  the 
jaws.  This  should  be  done  very  carefully  to  prevent  the  work  from 
mounting  the  tool.  A  sharp  pointed  tool  should  be  used  and  very 
light  cuts  taken.  The  steadyrest  is  next  clamped  to  the  lathe  bed 
opposite  the  turned  surface,  and  the  jaws  are  adjusted  in  against  the 
work,  thus  forming  a  kind  of  bearing.     Care  should  be  taken  not  to 
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set  up  the  jaws  too  tight  as  the  work  should  turn  freely  but  without 
play.  The  large  part  of  the  rod  and  central  collar  are  then  turned  to 
size,  this  half  being  machined  while  the  small  part  is  in  the  rough 
and  as  stiff  as  possible.  The  rod  is  then  reversed  and  the  steady- 
rest  is  applied  to  the  part  just  finished,  as  shown  at  B,  thus  supporting 
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91*48.  Application  of  Steftdyit* 

the  work  while  the  small  end  is  being  turned.  That  part  against 
which  -the  jaws  bear  should  be  kept  well  oiled  and  if  the  surface  is 
finished,  it  should  be  protected  by  placing  a  strip  of  emery  cloth 
beneath  the  jaws  with  the  emery  side  out;  a  strip  of  belt  leather  Is 
also  used  for  this  purpose,  the  object  In  each  case  being  to  prevent 

the  jaws  from  scratching  and  marring  the 
finished  surface,  as  they  tend  to  do,  es- 
pecially if  at  all  rough. 

If  the  work  were  too  flexible  to  per- 
mit turning  a  spot  at  n,  this  could  be 
done  by  first  "spotting"  it  at  some  point 
o,  and  placing  the  steady-rest  at  that  point 
while  turning  another  spot  at  n.  The 
tool  shown  in  Fig.  49  is  a  good  form  to 
use  for  work  of  this  kind  because  of  its 
narrow  point.  This  Is  known  as  a  "dia- 
mond poinV  and  is  frequently  used  for 
light  turning.  The  shape  of  this  tool  is 
clearly  shown  in  the  illustration.  The 
V-shaped  cutting  edge  is  usually  rounded 
slightly  at  the  point,  and  the  top  slopes,  backward  from  the  cutting 
edge,  as  shown. 

Sometimes  it  is  desirable  to  apply  a  steady-rest  to  a  surface  that 
does  not  run  true  and  one  which  is  not  to  be  turned;  in  such  a  case 
a  device  called  a  "cat-head"  is  used.  This  is  simply  a  sleeve  S  (Fig.  51) 
which  is  placed   over  the  untrue  surface   to  serve  as  a   bearing  for 


Flff.  49.    Diamond-point 
Turning  Tool 
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the  steady  rest.  The  sleeve  Is  made  to  run  true  by  adjusting  the  four 
set-screws  at  each  end,  and  the  jaws  of  the  steadyrest  are  set  against 
it,  thus  supporting  the  work. 

Application  of  Steadyrest  when  Boring— Use  of  "Bridles" 
or  "Hold-backs" 

Another  example  illustrating  the  use  of  the  steadyrest  is  shown  in 
Pig.  50.  The  rod  R  is  turned  on  the  outside  and  a  hole  is  to  be 
bored  in  the  end  (as  shown  by  dotted  lines)  true  with  the  outer 
surface.  If  the  centers  used  for  turning  the  rod  are  still  in  the  ends, 
as  they  would  be  ordinarily,  this  work  could  be  done  very  accurately 
by  the  following  method:  The  rod  is  first  placed  between  the  centers 
as  for  turning,  with  a  driving  dog  D  attached,  and  the  steady-rest 
jaws  J  are  set  against  it  near  the  outer  end,  as  shown. 

Before  any  machine  work  is  done,  means  must  be  provided  for  holding 


Flff.  0O.    Shaft  supported  by  Ste*dyr*«t  tor  Drilling  «ad  Boring'  Bnd 

the  rod  back  against  the  headstock  center  A,  because,  for  an  operation 
of  this  kind,  the  outer  end  cannot  be  supported  by  the  tailstock  center; 
consequently  the  work  tends  to  shift  to  the  right.  One  method  of 
accomplishing  this  is  shown  in  the  illustration.  A  hard-wood  piece  to, 
having  a  hole  somewhat  larger  than  the  work,  is  clamped  against  the 
dog,  in  a  crosswise  position,  by  the  swinging  bolts  and  thumb- 
screws shown.  If  the  dog  is  not  square  with  the  work,  the  wood  piece 
should  be  canted  so  that  the  bearing  will  not  be  all  on  one  side.  For 
large  heavy  parts  a  similar  "bridle"  or  "hold-back" — as  this  is  com- 
monly called — is  made  by  using  steel  instead  of  wood  for  the  part  to. 
Another  very  common  method  which  requires  no  special  equipment  is 
illustrated  in  Fig.  52.  Ordinary  leather  belt  lacing  L  is  attached  to 
the  work  and  faceplate  while  the  latter  is  screwed  off  a  few  turns  as 
shown.  Then  the  lacing  is  drawn  up  by  hand  and  tied,  and  the  faceplate 
is  screwed  on  the  spindle,  thus  tightening  the  laeing  and  drawing  the 
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work  against  the  headstock  center.  The  method  of  applying  the  lacing 
is  quite  clearly  indicated  in  the  illustration.  If  a  small  driving 
faceplate  is  used,  it  may  be  necessary  to  drill  holes  for  the  belt  lacing, 
as  shown. 

A  hole  is  next  drilled  in  the  end  of  the  rod  by  using  a  twist  drill 
and  the  tailstock,  as  explained  in  connection  with  Fig.  34,  Chapter  V. 
If  the  hole  is  finished  by  boring,  a  depth  mark  should  be  made  on  the 


a 

? 

y 

JmSs 

o 

o 

I 

|  b((^^)g' 

Machinery*  *■  ?• 

a 

a 

Fig.  61.    Cat-bead  which  la  sometimes  need  as  Bearing  for  Bteadyreat 

tool  shank  that  will  warn  the  workman  of  the  cutting  end's  approach 
to  the  bottom.  A  chuck  can  also  be  used  in  connection  with  a  steady- 
rest  for  doing  work  of  this  kind  as  shown  in  Fig.  53,  the  end  of  the 
rod  being  held  and  driven  by  the  chuck  C.  If  the  work  is  centered,  it 
can  be  held  on  these  centers  while  setting  the  steadyrest  and  adjusting 
the  chuck,  but  if  the  ends  are  without  centers,  a  very  good  way  is  to 
make  light  centers  in  the  ends  with  a  punch;  after  these  are  properly 
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Vlg.  62.    Bold-back  used  when  Outer  Bnd  of  Work  is  held  in  Steadyrest 

located  they  are  used  for  holding  the  work  until  the  steadyrest  and 
chuck  jaws  have  been  adjusted.  In  case  it  is  necessary  to  have  the 
end  hole  very  accurate  with  the  outside  of  the  finished  rod,  a  test 
indicator  /  should  be  applied  to  the  shaft  as  shown.  This  is  an  instru- 
ment which  shows  with  great  accuracy  whether  a  rotating  part  runs 
true  and  it  is  also  used  for  many  other  purposes  in  machine  shops. 
The   indicator   is   held   In   the   lathe   toolpost   and    the   contact   point 
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beneath  the  dial  is  brought  against  the  work.  If  the  latter  does  not 
run  true,  the  hand  of  the  indicator  vibrates  and  the  graduations 
on  the  dial  show  how  much  the  work  is  out  in  thousandths  of  an 
inch. 

The  Follow-rest 

For  certain  classes  of  long  slender  work,  such  as  shafts,  etc.,  a 
follow-rest  is  often  used  for  supporting  the  work  while  turning.  The 
follow-rest  differs  from  the  steadyrest  in  that  it  is  attached  to  and 
travels  with  the  lathe  carriage.     The  type  illustrated  to  the  right  in 


Fig.  63.    Testing-  Work  with  Dial  Indicator 


Fig  47  has  two  adjustable  jaws  which  are  located  nearly  opposite 
the  turning  tool,  thus  providing  support  where  it  is  most  needed.  In 
using  this  rest,  a  cut  is  started  at  the  end  and  the  jaws  are  adjusted 
to  this  turned  part.  The  tool  is  then  fed  across  the  shaft,  which 
cannot  spring  away  from  the  cut  because  of  the  supporting  jaws.  Some 
follow-rests  have,  instead  of  jaws,  a  bushing  bored  to  fit  the  diameter 
being  turned,  different  bushings  being  used  for  different  diameters* 
The  bushing  forms  a  bearing  for  the  work  and  holds  it  rigidly. 
Whether  a  bushing  or  jaws  are  used,  the  tool  is  slightly  in  advance 
of  the  supporting  member. 
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HOW  TO  OUT  A  THREAD  IN  A  LATHE 


When  threads  are  cut  In  the  lathe  a  tool  t  is  used  (see  Fig.  55), 
having  a  point  corresponding  to  the  shape  of  the  thread,  and  the 
carriage  is  moved  along  the  bed  a  certain  distance  for  each  revolution 
of  the  work  (the  distance  depending  on  the  number  of  threads  to 
the  inch  being  cut)  by  the  lead-screw  8  which  is  rotated  by  gears 
a,  6  and  c,  which  receive  their  motion  from  the  spindle.  As  the  rate 
of  the  carriage  travel  per  revolution  of  the  work,  and,  consequently, 
the  number  of  threads  per  inch  that  is  cut,  depends  on  the  size  of 
the  gears  a  and  c  (called  change  gears)  the  latter  have  to  be  changed 
for  cutting  different  threads.  The.  proper  change  gears  to  use  for 
cutting  a  given  number  of  threads  to  the  inch,  is  ordinarily  determined 
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Flff.  54.    Measuring  Number  of  Threads  per  Inch— Setting  Thread  Tool 

by  referring  to  a  table  or  "index  plate"  I  which  shows  what  the 
size  of  gears  a  and  c  should  be,  or  the  number  of  teeth  each  should 
have,  for  cutting  any  given  number  of  threads  per  inch. 

Selecting'  the  Change  Gears 

Suppose  a  V-thread  is  to  be  cut  on  the  end  of  the  bolt  B,  having  a 
diameter  of  1%  inch  and  seven  threads  per  inch  of  length,  as  shown 
at  A  in  Fig.  54,  which  is  a  standard  number  for  that  diameter.  First 
the  change  gears  to  use  are  found  on  plate  I  which  is  shown  enlarged 
in  Fig.  56.  This  plate  has  three  columns:  The  first  contains  different 
numbers  of  threads  to  the  inch,  the  second  the  size  gear  to  place  on 
the  "spindle"  or  "stud"  at  a  for  different  threads,  and  the  third  the 
size  of  gear  c  for  the  lead-screw.  As  the  thread  selected  as  an  example 
has  seven  threads  per  inch,  gear  a  should  have  48  teeth,  this  being 
the  number  given  in  the  second  column  opposite  figure  7  in  the  first. 
By  referring  to  the  last  column,  we  find  that  the  lead-screw  gear  should 


Digitized  by 


Google 


46 


No.  9'— OPERATION  OF  MACHINE  TOOLS 


! 

3 

3 

s 

8 
S 


Digitized  by  CjOOQIC 


THREAD  CUTTING 


47 


have  84  teeth.  These  gears  are  selected  from  an  assortment  provided 
with  the  lathe  and  they  are  placed  on  the  spindle  and  lead-screw, 
respectively.  Intermediate  gear  b  does  not  need  to  he  changed  as  it 
is  simply  an  "idler"  for  connecting  gears  a  and  c.  Gear  b  is  mounted 
on  a  swinging  yoke  T  so  that  it  can  be  adjusted  to  mesh  properly 
with  different  gear  combinations;  after  this  adjustment  is  made,  the 
lathe  is  geared  for  cutting  seven  threads  to  the  inch.  (The  change 
gears  of  many  modern  lathes  are  so  arranged  that  different  combina- 
tions are  obtained  by  simply  shifting  a  lever.     A  lathe  having  this 

quick-change  gear  mechanism  is  de- 
scribed in  Chapter  VI  of  Machin- 
ery's Reference  Book  No.  92.)  The 
work  B  is  then  placed  between  the 
centers  just  as  it  would  be  for  turn- 
ing, with  the  end  to  be  threaded 
turned  to  a  diameter  of  1%  inch, 
which  is  the  outside  diameter  of  the 
the  thread. 
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The  Thread  Tool 


The  form  of  tool  used  for  cutting  a 
V-thread  is  shown  at  A,  Fig.  57.  The 
end  is  ground  V-shaped  and  to  an 
angle  of  60  degrees,  which  corre- 
sponds to  the  angle  of  a  standard  V- 
thread.  The  front  or  fiank  /  of  the 
tool  is  ground  back  to  an  angle  to 
provide  clearance,  but  the  top  is  left 
flat  or  without  slope.  As  it  is  very 
important  to  grind  the  end  to  exactly 
60  degrees,  a  gage  G  is  used,  having 
60-degree  notches  to  which  the  tool- 
point  is  fitted.  The  tool  is  clamped 
in  the  toolpost  as  shown  in  the  plan 
view,  Fig.  55,  square  with  the  work, 
so  that  both  sides  of  the  thread  will 
be  cut  to  the  same  angle  with  the 
axis  of  the  work.  A  very  conve- 
nient way  to  set  a  thread  tool  square 
is  illustrated  at  B,  Fig.  54.  The 
thread  gage  is  placed  against  the  part  to  be  threaded,  as  shown,  and 
the  tool  is  adjusted  until  the  angular  sides  of  the  point  bear  evenly  in 
the  60-degree  notch  of  the  gage.  The  top  of  the  tool  point  should  also 
be  at  the  same  height  as  the  lathe  centers,  as  otherwise  the  angle  of 
the  thread  will  not  be  correct. 

Cutting  the  Thread 

The  lathe  is  now  ready  for  cutting  the  thread.  This  is  done  by 
taking  several  cuts,  as  indicated  at  A,  B,  C  and  D  in  Fig.  58,  the 
tool  being  fed  in  a  little   farther  for  each   successive  cut  until  the 


Tiff.  68.    Index  Plate  showing 
Changes  for  Threading 
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thread  is  finished.  When  these  outs  are  being  taken,  the  carriage 
is  moved  along  the  bed  ,as  previously  explained,  by  the  lead-screw  S, 
Fig.  55.  The  carriage  1b  engaged  with  the  lead-screw  by  turning 
lever  u  which  causes  the  halves  of  a  split  nut  to  close  around  the 
screw.  The  way  a  lathe  is  handled  when  cutting  a  thread  is  as 
follows:  After  the  lathe  is  started,  the  carriage  is  moved  until  the 
tool-point  is  slightly  beyond  the  right  end  of  the  work,  and  the  tool 
is  fed  in  far  enough  to  take  the  first  cut.  The  carriage  is  then  engaged 
with  the  lead-screw,  by  operating  lever  u,  and  the  tool  moves  to  the 
left  (in  this  case  1/7  inch  for  each  revolution  of  the  work)  and  cuts 


Fig.  57.    Thread  Tools  and  Gag*  for  Tasting  Angle  of  and 

a  winding  groove  as  at  A,  Fig.  58.  When  the  tool  has  moved  as  far 
as  the  thread  is  wanted,  it  is  withdrawn  by  a  quick  turn  of  handle  e, 
and  the  carriage  returned  to  the  starting  point  for  another  cut.  The 
tool  is  then  fed  in  a  little  farther  and  a  second  cut  is  taken  as  at 
B,  and  this  operation  is  repeated  as  at  C  and  D  until  a  "full"  thread 
is  cut  or  until  the  top  of  the  thread  is  sharp.  The  thread  is  then 
tested  for  size,  but  before  referring  %to  this  part  of  the  work,  the  way 
the  carriage  is  returned  to  the  starting  point  after  each  cut,  should 
be  explained. 

When  the  tool  is  withdrawn  at  the  end  of  the  first  cut,  If  the  carriage 
is  disengaged  from  the  lead-screw  and  returned  by  hand,  the  tool 
may  or  may  not  follow  the  first  cut  when  the  carriage  Is  again 
engaged  with  the  lead-screw.  If  the  number  of  threads  to  the  inch 
being  cut  is  a  multiple  of  the  number  on  the  lead-screw  S,  then  the 
carriage  can  be  returned  by  hand  and  engaged  with  the  lead-screw 
at  random  and  the  tool  will  follow  the  firat  cut.  For  example,  if 
the  lead-screw  has  six  threads  per  inch,  and  6,  12,  18  or  any  number 
of  threads  is  being  cut  that  is  a  multiple  of  six,  the  carriage  can 
be  engaged  at  any  time  and  the  tool  will  always  follow  the  original  cut. 
This  is  not  the  case,  however,  when  the  number  of  threads  being 
cut  Is  not  a  multiple  of  the  number  on  the  lead-screw.  One  method 
of  bringing  the  carriage  back  to  the  starting  point  when  cutting 
threads  which  are  not  multiples,  is  to  reverse  the  lathe  (by  shifting 
the  overhead  driving  belts)  in  order  to  bring  the  tool  back  to  the 
starting  point  without  disengaging  the  carriage;  in  this  way  the 
tool  is  kept  in  the  same  relation   to  the  work,  and  the  carriage  is 
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not  disengaged  from  the  lead-screw  until  the  thread  Is  finished.  This 
is  a  good  method  when  cutting  short  threads  having  a  length  of  say 
two  or  three  inches;  but  when  they  are  longer,  and  especially  when 
the  diameter  is  comparatively  large  (which  means  a  slower  speed), 
it  is  rather  slow  as  considerable  time  is  wasted  while  the  tool  is 
moving  back  to  its  starting  point.  This  Is  due  to  the  fact  that  the 
carriage  iB  moved  slowly  by  the  lead-screw,  but  when  disengaged,  it 
can  be  traversed  quickly  by  turning  handle  d,  Fig.  55. 

A  method  of  returning  the  carriage  by  hand  when  the  number 
of  threads  being  cut  is  not  a  multiple  of  the  number  on  the  lead- 
screw  is  as  follows:  The  tool  Is  moved  a  little  beyond  the  right  end 
of  the  work  and  the  carriage  is  engaged.  The  lathe  is  then  turned  for- 
ward by  hand  to  take  up  any  lost  motion,  and  a  line  is  made  on  the 
lathe  l>ed  showing  the  position  of  the  carriage.  The  positions  of  the 
spindle  and  lead-screw  are  also  marked  by  chalking  a  tooth  on  both 


FIff.  58.   Thread  1*  formed  by 


a  number  of  BuooeeelTe  Cute 


the  spindle  and  lead-screw  gears,  which  happens  to  be  opposite  a 
corner  or  other  point  on  the  bed.  After  a  cut  is  taken,  the  carriage  is 
returned  by  hand  to  the  original  starting  point  as  shown  by  the  line 
on  the  bed,  and  is  again  engaged  when  the  chalk  marks  show  that  the 
spindle  and  lead-screw  are  in  their  original  position;  the  tool  will  then 
follow  the  first  cut.  If  the  body  of  the  tailstock  is  moved  against  the 
bridge  of  the  carriage  before  starting  the  first  cut,  the  carriage  can 
be  located  for  each  following  cut  by  moving  it  back  against  the  tail- 
stock,  and  it  will  not  be  necessay  to  have  a  line  on  the  bed. 
Indicator  or  Chasing  Dial  for  Catching  Threads 
On  some  lathes  there  is  an  indicator  for  "catching  threads/'  as 
this  is  called  in  shop  language.  This  is  a  simple  device  attached  to 
the  carriage  and  consists  of  a  graduated  dial  D  and  a  worm-wheel  W 
(see  Figs.  55  and  59)  which  meshes  with  the  lead-screw,  so  that  the  dial 
is  revolved  by  the  lead-screw  when  the  carriage  is  stationary,  and 
when  the  carriage  is  moved  by  the  screw,  the  dial  remains  stationary. 
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The  indicator  is  used  by  engaging  the  carriage  when  one  of  the  gradua- 
tion lines  is  opposite  the  arrow  mark;  after  a  cut  is  taken  the  car- 
riage is  returned  by  hand  and  when  one  of  the  graduation  lines  again 
moves  opposite  the  arrow,  the  half-nuts  are  thrown  into  mesh,  as 
before,  and  this  is  repeated  for  each  successive  cut,  thus  causing  the 
tool  to  always  come  right  with  the  thread.  If  the  number  of  threads 
per  inch  is  even,  engagement  can  be  made  when  any  line  is  opposite 
the  arrow,  but  for  odd  numbers  such  as  3,  7,  9,  11,  etc.,  one  of  the  four 

long  or  numbered  lines 
must  be  used.  Of 
course,  if  the  thread 
being  cut  is  a  multiple 
of  the  number  on  the 
lead-screw,  engagement 
can  be  made  at  any 
time. 

Having  considered 
the  use  of  the  indica- 
tor, its  principle  will  be 
explained.  The  num- 
ber of  teeth  In  worm- 
wheel  W  is  some  multi- 
ple of  the  number  of 
threads  per  inch  of  the 
lead-screw,  and  the 
number  of  teeth  in  the 
wheel,  divided  by  the 
pitch  of  the  screw, 
equals  the  number  of 
graduations  on  the  dial. 
For  example,  if  the 
lead-screw  has  six 
threads  per  inch,  the 
worm-wheel  could  have 
twenty-four  teeth,  in 
which  case  the  dial 
would  have  four  divis- 
ions, each  representing 
an  inch  of  carriage 
travel,  and  by  sub-dividing  the  dial  into  eighths  (as  shown)  each 
line  would  correspond  to  %  Inch  of  travel.  The  dial,  there- 
fore, would  enable  the  carriage  to  be  engaged  with  the  lead- 
screw  at  points  equal  to  a  travel  of  one-half  inch.  To  illustrate  the 
advantage  of  this,  suppose  ten  threads  per  inch  are  being  cut  and 
(with  the  lathe  stationary)  the  carriage  is  disengaged  and  moved  1/6 
inch  or  one  thread  on  the  lead-screw;  the  tool  point  will  also  have 
moved  1/6  inch,  but  it  will  not  be  opposite  the  next  thread  groove  in 
the  work  as  the  pitch  is  1/10  inch.  If  the  carriage  is  moved  another 
thread  on  the  lead-screw,  or  2/6  inch,  the  tool  will  still  be  out  of  line 
with  the  thread  on  the  work,  but.  when  it  has  moved  three  threads,  or 


Fig.  59.    Indicator  used  whan  Cutting  Threads 
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%  inch,  the  tool  will  then  coincide  with  the  original  cut  because  it 
has  passed  oyer  exactly  five  threads.  This  would  be  true  for  any 
number  of  threads  per  inch  that  is  divisible  by  2.  If  the  thread  being 
cut  had  nine  threads  per  inch,  or  any  other  odd  number,  the  tool 
would  only  coincide  with  the  thread  at  points  1  inch  apart.  Therefore, 
the  carriage  can  only  be  engaged  when  one  of  the  four  graduations 
representing  an  inch  of  travel  is  opposite  the  arrow,  when  cutting 
odd  threads;  whereas  even  numbers  can  be  "caught"  by  using  any 
one  of  the  eight  lines. 

This  indicator  can  also  be  used  for  "catching"  fractional  threads. 
As  an  illustration,  suppose  11%  threads  per  inch  are  being  cut,  and 
the  carriage  is  engaged  the  first  time  when  graduation  line  1  is  oppo- 
site the  arrow;  engagement  would  then  be  made  for  each  successive 
cut,  when  either  line  1  or  3  were  opposite  the  arrow,  or  in  other  words 


Fig.  60.   Testing  Diameter  of  Thread  with  Caliper*  and  Micrometer 


at  spaces  equal  to  a  carriage  movement  of  2  inches.  As  the  use  of  the 
indicator  when  cutting  fractional  threads  is  liable  to  result  in  error, 
It  is  better  to  keep  the  half-nuts  in  engagement  and  return  the  car- 
riage by  reversing  the  lathe. 

Testing1  the  Size  of  the  Thread 
When  the  thread  tool  has  been  fed  in  far  enough  to  form  a  com- 
plete thread  as  at  D,  Pig.  58,  the  thread  is  then  tested  for  size.  If 
we  assume  that  the  bolt  is  being  threaded  for  a  standard  iy4  nut,  it 
would  be  removed  from  the  lathe  and  the  test  made  by  screwing  a 
nut  on  the  end.  If  the  thread  were  too  large,  the  nut  might  screw 
on  very  tightly  or  not  at  all;  in  either  case,  the  work  would  again  be 
placed  in  the  lathe  and  a  light  cut  taken  over  it  to  reduce  the 
thread  to  the  proper  size.  When  replacing  a  threaded  part  between 
the  centers,  it  should  be  put  back  in  the  original  position,  that  is,  with 
the  tail  of  the  driving  dog  in  the  same  slot  of  the  faceplate  previously 
occupied.     As  it  is  difficult  to  tell  just  when  a  thread   is  cut  to  the 
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exact  size,  special  thread  calipers  having  wedge-shaped  ends  are  some- 
times used  for  measuring  the  diameter  of  the  thread  at  the  bottom  of 
the  grooves,  or  the  root  diameter,  as  shown  at  A,  Pig.  60.  These  calipers 
can  be  set  from  a  tap  corresponding  to  the  size  of  the  thread  being 
cut,  or  from  a  previously  threaded  piece  of  the  right  size.  Another 
form  of  caliper  for  testing  threads  Is  shown  at  B.  This  is  one  of  the 
micrometer  type  and  Is  intended  for  very  accurate  work.  The 
epindle   of   this   micrometer   has  a   conical   end   and   the   "anvil"   is 


Fig.  01.    Cutting  Throad  by  ustn*  Compound  Rost 

V-shaped,  and  these  ends  bear  on  the  sides  of  the  thread  or  the  surfaces 
which  form  the  bearing  when  the  screw  is  inserted  in  a  nut  or  threaded 
hole. 

Replacing  Sharpened  Tool— Tool  for  Roughing 

If  it  is  necessary  to  sharpen  the  thread  tool  before  the  thread  is 
finished,  it  should  be  re-set  square  with  the  work  by  testing  with  the 
thread  gage  as  at  B,  Fig.  54.  The  carriage  is  then  engaged  with  the 
lead-screw  and  the  lathe  is  turned  forward  to  bring  the  tool  opposite 
the  partly  finished  thread  and  also  to  take  up  any  backlash  or  lost 
motion  in  the  gears  or  half-nut.  If  the  tool-point  is  not  in  line  with 
the  thread  groove  previously  cut,  it  can  be  shifted  sidewise  by  feeding 
the  compound  rest  E  in  or  out,  provided  the  latter  is  set  in  an  angular 
position  as  shown  in  the  plan  view,  Fig.  55. 

If  the  thread  tool  is  ground  flat  on  the  top  as  at  A,  Fig.  57,  it  is  not 
a  good  tool  for  removing  metal  rapidly*  as  neither  of  its  two  cutting 
edges  has  any  slope.     In  order  to  give  each  cutting  edge  a  backward 
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slope,  it  would  be  necessary  to  grind  the  top  surface  hollow  or  con- 
cave, which  would  he  impracticable.  When  a  coarse  thread  is  to  be 
cut,  a  tool  shaped  as  at  B  can  be  used  to  advantage  for  rough  turn- 
ing the  thread  groove*  which  is  afterward  finished  to  the  correct  depth 
and  angle  by  tool  A.  This  roughing  tool  is  ground  with  a  backward 
slope  from  the  point  and  the  latter  is  rounded  to  make  it  stronger. 

Use  of  Compound  Best  for  Thread  Cutting 

Another  form  of  thread  tool  is  shown  at  A,  Fig.  61,  which  is  very 
good,  especially  for  cutting  coarse  threads.  When  this  tool  is  used, 
the  compound  rest  E  is  set  to  an  angle  of  30  degrees,  as  shown,  and  it 
is  fed  in  for  the  successive  cuts  by  handle  w  in  the  direction  indicated 
by  the  arrow.  It  will  be  seen  that  the  point  a  of  the  tool  moves  at 
an  angle  of  60  degrees  with  the  axis  of  the  work,  thus  forming  one 
side  of  the  thread,  and  the  cutting  edge  a — &,  which  can  be  set  as  shown 
at  B,  forms  the  opposite  side  and  does  all  the  cutting.  As  this  edge  is 
given  a  backward  slope,  as  shown,  it  cuts  easily  and  enables  thread- 
ing operations  to  be  performed  quickly.  Threads  cut  in  this  way  are 
often  finished  by  taking  a  light  cut  with  a  regular  thread  tool.  The 
cutting  edge  a — ft  is  ground  to  an  angle  of  60  degrees  (or  slightly  less, 
if  anything)  with  the  elde,  as  shown  by  the  top  view. 

All  the  threads  that  have  been  illustrated  in  connection  with  the 
foregoing  description  have  been  of  the  simple  V-form.  There  are,  how- 
ever, several  other  forms  of  threads  in  use  and  these  various  threads 
and  the  way  in  which  they  are  cut  is  explained  in  Chapter  IV  of  Ma- 
chinery's Reference  Book  No.  92. 

When  cutting  threads  in  steel  or  wrought  iron,  some  sort  of  lubricant 
is  usually  applied  to  the  tool  to  preserve  the  cutting  end  and  give  a 
smooth  finish  to  the  thread.  Sperm  or  lard  oil  is  commonly  used  for 
this  purpose.  If  the  thread  is  small,  the  lubricant  may  be  applied 
from  an  ordinary  oil  can,  but  when  cutting  comparatively  large  threads, 
it  is  better  to  have  a  stream  of  oil  constantly  playing  upon  the  tool- 
point  This  constant  flow  may  be  obtained  by  mounting  a  can  having 
a  spout  leading  to  the  tool  on  a  bracket  at  the  rear  of  the  carriage. 

It  should  be  mentioned  in  this  connection  that  cooling  compounds 
are  also  used  on  regular  turning  tools  cutting  steel  or  wrought  iron. 
Cast  iron  and  brass  are  machined  dry.  A  compound  that  is  widely  used 
is  composed  of  water  in  which  a  quantity  of  sal  soda  has  been  dis- 
solved. The  use  of  cooling  water  permits  higher  cutting  speeds,  and 
gives  a  smoother  finish,  known  as  a  "water"  finish.  To  secure  the 
best  results,  a  rather  large  flow  of  soda  water  should  be  applied  con- 
tinuously on  the  chip  at  the  point  where  it  is  being  severed  by  the 
tool. 
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CHAPTER  IX 

CALCULATING  CHANGE  GEARS  FOR  THREAD 
CUTTING 

As  explained  in  Chapter  VIII,  the  change  gears  for  cutting  threads  of 
various  pitches  are  shown  by  a  table  attached  to  the  lathe.  The  proper 
gears  to  be  used  can  be  calculated,  but  the  use  of  the  table  saves 
time  and  tends  to  avoid  mistakes.  Every  machinist,  however,  should 
know  how  to  determine  the  size  of  gears  used  for  cutting  any  number 
of  threads  to  the  inch,  but  before  referring  to  any  rules,  let  us  first 
consider  why  a  lathe  cuts  a  certain  number  of  threads  to  the  inch 
and  how  this  number  is  changed  by  the  use  of  different  gears. 

As  the  carriage  C  and  the  tool  are  moved  by  the  lead-screw  S,  Fig. 
55,  which  is  geared  to  the  spindle,  the  number  of  threads  to  the  inch 
that  are  cut  depends,  in  every  case,  on  the  number  of  turns  the  work 
makes  while  the  lead-screw  is  moving  the  carriage  one  inch.  If  the 
lead-screw  has  six  threads  per  inch,  it  will  make  six  revolutions  while 
the  carriage  and  the  thread  tool  travel  one  inch  along  the  piece  to 
be  threaded.  Now  if  the  change  gears  a  and  c  are  so  proportioned 
that  the  spindle  makes  the  same  number  of  revolutions  as  the  lead- 
screw,  in  a  given  time,  it  is  evident  that  the  tool  will  cut  six  threads 
per  inch.  If  the  spindle  revolved  twice  as  fast  as  the  lead-screw,  it 
would  make  twelve  turns  while  the  tool  moved  one  inch,  and  conse- 
quently twelve  threads  per  inch  would  be  cut;  but  to  get  this  difference 
in  speeds  it  is  necessary  to  use  a  combination  of  gearing  that  will 
cause  the  lead-screw  to  revolve  once  while  the  lathe  spindle  and  work 
make  two  revolutions. 

Suppose  that  nine  threads  to  the  inch  are  to  be  cut  and  the  lead- 
screw  has  six  threads  per  inch.  In  this  case  the  work  must  make 
nine  revolutions  while  the  lead-screw  makes  six  and  causes  the  car- 
riage and  thread  tool  to  move  one  inch,  or  in  other  words,  one  revolu- 
tion of  the  lead-screw  corresponds  to  one  and  one-half  revolution  of 
the  spindle;  therefore,  if  the  lead-screw  gear  has  36  teeth,  the  gear  on 
the  spindle  stud  should  have  only  24  teeth.  The  spindle  stud  will 
then  revolve  one  and  one-half  times  faster  than  the  lead-screw,  pro- 
vided it  rotates  at  the  same  rate  of  speed  as  the  main  lathe  spindle. 
The  number  of  teeth  in  the  change  gears  that  is  required  for  a  certain 
pitch,  can  be  found  by  multiplying  the  number  of  threads  per  inch  of 
the  lead-screw,  and  the  number  of  threads  per  inch  to  be  cut,  by  the 
same  multiplier.  The  formula  which  expresses  the  relation  between 
threads  per  inch  of  lead  screw,  threads  per  inch  to  be  cut,  and  the 
number  of  teeth  in  the  change  gears,  is  as  follows: 

threads  per  inch  of  lead-screw      teeth  in  gear  on  spindle  stud 

threads  per  inch  to  be  cut  teeth  in  gear  on  lead-screw 

6  24 
Applying  this  to  the  example  given,  we  have  —  =  — The  values  of  36 

9  36 
and  24  are  obtained  by  multiplying  6  and  9,  respectively,  by  4,  which, 
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of  course,  does  not  change  the  proportion.  Any  other  number  could 
be  used  as  a  multiplier,  and  if  gears  having  24  and  36  teeth  were 
not  available,  this  might  be  necessary'.  For  example,  if  there  were 
no  gears  of  this  size,  *ome  other  multiplier  as  5  or  6  might  be  used. 

A  general  rule  for  finding  change  gears  by  this  method  would  be  as 
follows:  Place  the  number  of  threads  in  the  lead-screw  in  the  numer- 
ator and  the  number  to  be  cut  in  the  denominator  and  then  multiply 
both  numerator  and  denominator  by  some  number,  until  numbers  are 
obtained  which  correspond  to  the  numbers  of  teeth  in  gears  that  are 
available.  The  number  obtained  by  multiplying  the  numerator  repre- 
sents the  gear  for  the  spindle  stud,  and  the  number  obtained  by  multi- 
plying the  denominator, 
the  gear  for  the  lead- 
screw.  As  an  example, 
suppose  the  number  of 
teeth  in  the  change 
gears  supplied  with  the 
lathe  are  24,  28,  32,  36, 
etc.,  increasing  by  four 
teeth  up  to  100,  and  as- 
sume that  the  lead- 
screw  has  six  threads 
per  inch  and  that  ten 
threads  per  inch  are  to 
be  cut.    Then, 

6        6X4       24 

10  10  X  4  40 
B  y  multiplying  both 
numerator  and  denomi- 
nator by  4,  we  Obtain 
two  available  gears 
having  24  and  40  teeth, 
respectively.  The  24-tooth  gear  goes  on  the  spindle  stud  and  the  40- 
tooth  gear  on  the  lead-screw.  The  number  of  teeth  in  the  intermediate 
gear  b  which  connects  the  stud  and  lead  screw  gears,  is  of  no  conse- 
quence. 

We  have  assumed  in  the  foregoing  that  the  spindle  stud  (on  which 
gear  a  is  mounted)  and  the  spindle  made  the  same  number  of  revolu- 
tions. In  some  lathes,  however,  these  two  members  do  not  rotate  at  the 
same  speed,  so  that  if  equal  gears  were  placed  on  the  lead-screw  and 
spindle  stud,  the  spindle  would  not  make  the  same  number  of  revolu- 
tions as  the  lead-screw.  A  very  convenient  way  to  determine  the  gears 
to  use  in  such  a  case  is  as  follows:  First  find  the  number  of  threads 
per  inch  cut  when  gears  of  the  same  size  are  placed  on  the  lead- 
screw  and  spindle,  either  by  actual  trial  or  by"  referring  to  the  index 
plate.  Then  use  this  number  as  the  numerator  instead  of  the  actual 
number  of  threads  per  inch  in  the  lead-screw,  and  proceed  as  previ- 
ously described. 


FIff.  02.    Lath*  haying  Compound  Gears 
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Change  Gears  for  Lathee  with  Compound  Gearing- 

When  gearing  is  arranged  as  shown  in  Fig.  55,  it  is  referred  to  as 
simple  gearing,  but  sometimes  it  is  necessary  to  introduce  two  gears 
(B  and  C)  between  the  stud  and  screw  as  in  Fig.  62,  which  is  termed 
compound  gearing.  The  method  of  figuring  compound  gearing  is  prac- 
tically the  same  as  that  for  simple  gearing,  except  that  the  numerator 
and  denominator  are  divided  into  two  factors,  each  of  which  is  multi- 
plied by  the  same  number  to  obtain  the  number  of  teeth  in  the  change 
gears,  as  before. 

Suppose  the  lathe  has  a  lead-screw  with  six  threads  per  inch  and 
that  the  numbers  of  teeth  in  the  gears  available  are  30,  35,  40  and  so 
on,  increasing  by  5  up  to  100.  If  for  example,  24  threads  per  inch 
are  to  be  cut,  6  is  placed  in  the  numerator  and  24  in  the  denominator 
as  before.  The  numerator  and  denominator  are  then  divided  into 
factors  and  each  pair  of  factors  is  multiplied  by  the  same  number 
to  find  the  gears,  thus: 

6         2X3        (2  X  20)  X  (3  X  10)         40  X  30 

24""  4X6  (4  X  20)  X  (6  X  10)  ~~  80  X  60 
The  last  four  numbers  indicate  the  gears  which  should  be  used.  The 
upper  two,  having  40  and  30  teeth,  are  the  driving  gears  and  the  lower 
two  having  80  arid  60  teeth,  are  the  driven  gears.  The  driving  gears 
are  gear  A  on  the  spindle  stud  and  gear  C  on  the  intermediate  stud, 
meshing  with  the  lead-screw  gear,  and  the  driven  gears  are  gears  B 
and  D.  It  makes  no  difference  which  of  the  driving  gears  is  placed  on 
the  spindle  stud,  or  which  of  the  driven  is  placed  on  the  lead-screw. 
As  another  illustration,  suppose  we  are  to  cut  1%  thread  per  inch  on  a 
lathe  with  a  lead-screw  having  six  threads  per  inch,  and  that  the  num- 
bers of  teeth  in  the  gears  range  from  24  to  100,  increasing  by  4. 
6  2X3  (2  X  36)  X  (3  X  16)  72  X  48 

1%  "~  1  X  1%  "~~  (1  X  36)  X  (1%  X  16)  "~  36  X  28 
The  gear  having  72  teeth  is  placed  on  the  spindle  stud  s,  the  one 
with  48  on  the  intermediate  stud  i,  meshing  with  the  lead-screw  gear. 
These  two  feears  (72  and  48  teeth)  are  the  driving  gears.  The  gears 
with  36  and  28  teeth  are  placed  on  the  lead-screw  and  on  the  inter- 
mediate stud  and  are  the  driven  gears. 
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CHAPTER  I 


TAPER  TURNING 


It  is  often  necessary,  In  connection  with  lathe  work,  to  turn  parts 
tapering  instead  of  straight  or  cylindrical.  If  the  work  is  mounted 
between  the  centers,  one  method  of  turning  a  taper  is  to  set  the 
tailstock  center  out  of  alignment  with  the  headstock  center.  When 
both  of  these  centers  are  in  line,  the  movement  of  the  tool  is  parallel 
to  the  axis  of  the  work  and,  consequently,  a  cylindrical  surface  is 
produced;  but  if  the  tailstock  J^  is  set  out  of  alignment  as  shown  in 


FIff.  1.    Tfcp«r  Turning  by  th«  Oflfc«t-o«nter  Method 

Fig.  1,  the  work  will  then  be  turned  tapering  as  the  tool  is  traversed 
from  a  to  &,  because  the  axis  x — x  is  at  an  angle  with  the  movement 
of  the  tool.  Furthermore  the  amount  of  taper  or  the  difference  between 
the  diameters  at  the  ends  for  a  given  length,  will  depend  on  how 
much  center  7^  is  set  over  from  the  central  position. 

The  amount  of  taper  is  usually  given  on  drawings  in  inches  per 
foot,  or  the  difference  in  the  diameter  at  points  twelve  inches  apart 
For  example,  the  taper  of  the  piece  shown  at  A,  Fig.  2,  is  1  inch  per 
foot,  as  the  length  of  the  tapering  surface  is  just  twelve  inches  and 
the  difference  between  the  diameters  at  the  ends  is  1  inch.  The 
conical  roller  shown  at  B  has  a  total  length  of  9  inches  and  a  taper- 
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lag  surface  6  Inches  long,  and  in  this  case  the  taper  per  foot  is 
also  1  inch,  there  being  a  difference  of  S  inch  in  a  length  of  6  inches 
or  1  inch  in  twice  that  length.  When  the  taper  per  foot  is  known, 
the  amount  that  the  tailstock  center  should  be  set  over  for  turning 
that  taper,  can  easily  be  estimated,  but  it  should,  be  remembered 
that  the  setting  obtained  in  this  way  is  not  absolutely  correct,  and  is 
only  intended  to  locate  the  center  approximately.  When  a  taper 
needs  to  be  at  all  accurate,  it  is  tested  with  a  gage,  or  by  other  means, 
after  taking  a  trial  cut,  as  will  be  explained  later,  and  the  tailstock 


1^ 


Fig.  a.    lumplM  of  Ttop«r  "Work 

center  is  re-adjusted  accordingly.  There  are  also  more  accurate 
methods  of  setting  the  center,  than  by  figuring  the  amount  of  offset, 
but  as  the  latter  is  often  convenient,  this  will  be  referred  to  first. 

Setting  Tailstock  Center  for  Taper  Turning 

Suppose  the  tailstock  center  is  to  be  set  for  turning  part  C,  Fig.  2, 
to  a  taper  of  approximately  1  inch  per  foot.  In  this  case  the  center 
would  simply  be  moved  toward  the  front  of  the  machine  %  inch, 
or  one-half  the  required  taper  per  foot,  because  the  total  length  of 
the  work  happens  to  be  just  12  inches.  This  setting,  however,  would 
not  be  correct  for  all  work  requiring  a  taper  of  1  inch  per  foot,  as 
the  adjustment  depends  not  only  on  the  amount  of  the  taper  but 
on  the  total  length  of  the  piece. 

For  example,  the  taper  roller  B  has  a  taper  of  1  inch  per  foot,  but  the 
center,  in  this  case,  would  be  offset  less  than  one-half  the  taper  per 
foot,  because  the  total  length  is  only  9  inches.  For  lengths  longer 
or  shorter  than  twelve  inches,  the  taper  per  inch  should  be  found 
first;  this  is  then  multiplied  by  the  total  length  of  the  work  (not 
the  length  of  the  taper)  which  gives  the  taper  for  that  length,  and 
one-half  this  taper  is  the  amount  to  set  over  the  center.    For  example, 
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the  taper  per  inch  of  part  B  equals  1  inch  divided  by  12  =  1/12  inch. 
The  total  length  of  9  inches  multipled  by  1/12  inch  =  3/4  inch,  and 
%  of  %  =  %,  which  is  the  distance  that  the  tailstock  center  should 
be  offset.  In  this  example  if  the  taper  per  foot  were  not  known,  and 
only  the  diameters  of  the  large  and  small  ends  of  the  tapered  part 
were  given,  the  difference  between  these  diameters  should  first  be 
found  (2%  —  2  =  %);  this  difference  should  then  be  divided  by  the 
length  of  the  taper  (%  -r-  6  =  1/12  inch)  to  obtain  the  taper  per 
inch.  The  taper  per  inch  times  the  total  length  represents  what  the 
taper  would  be  if  it  extended  throughout  the  entire  length,  and  one- 
half  of  this  equals  the  offset,  which  is  %  inch.* 

Example  ot  Taper  Turning- 

As  a  practical  example  of  taper  turning  let  us  assume  that  the 
piece  A,  Fig.  4,  which  has  been  centered  and  rough  turned  as  shown, 
is  to  be  made  into  a  taper  plug,  as  indicated  at  B,  to  fit  a  ring  gage 
as  at  C.  If  the  required  taper  is  V/2  inch  per  foot  and  the  total  length 
is  8  inches,  the  tailstock  center  would  be  offset  %  inch. 
To  adjust  the  tailstock,  the  nuts  N  (Fig.  3)  are  first  loosened  and 

then  the  upper  part  A  is 
shifted  sidewise  by  turning 
screw  8.  Scales  are  pro- 
vided on  some  tailstocks  for 
measuring  the  amount  of 
this  adjustment;  if  there  is 
no  scale,  draw  a  line  across 
the  movable  and  stationary 
parts  A  and  B,  when  the 
tailstock  is  set  for  straight 
turning.  The  movement  of 
the  upper  line  in  relation  to 
the  lower  will  then  show 
the  offset,  which  can  be 
measured  with  a  scale. 
When  the  adjustment  has 


Pig.  8.   Detail  Vie w  of  Lathe  Tailstock 


been  made,  nuts  N  are  tightened  and  the  work,  with  a  dog  attached,  is 
placed  between  the  centers  the  same  as  for  straight  turning.  The 
taper  end  is  then  reduced  by  turning,  but  before  it  is  near  the  finished 
size,  the  work  is  removed  and  the  taper  tested  by  inserting  it  in  the 
gage.  If  it  is  much  out,  this  can  be  felt,  as  the  end  that  is  too  small 
can  be  shaken  in  the  hole.  Suppose  the  plug  did  not  taper  enough  and 
only  the  small  end  came  in  contact  with  the  gage,  as  shown  some- 
what exaggerated  at  D;  in  that  case  the  center  would  be  shifted  a 
little  more  towards  the  front,  whereas  if  the  taper  were  too  steep,  the 
adjustment  would,  of  course,  be  in  the  opposite  direction.  A  light  cut 
would  then  be  taken,  to  be  followed  by  another  test.  If  the  plug  should 
fit  the  gage  so  well  that  there  was  no  perceptible  shake,  it  could  be 
tested  more  closely  as  follows:     Draw  three  or  four  chalk  lines  along 


•See  aleo  Machinist's  Reference  Book  No.  18,  "Shop  Arithmetic  for  the  Machinist." 
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the  tapering  surface,  place  the  work  in  the  gage  and  turn  it  a  few 
times.  The  chalk  marks  will  then  show  whether  the  taper  of  the  plug 
corresponds  to  that  of  the  gage;  for  example,  if  the  taper  is  too  great, 
the  marks  will  he  rubbed  out  on  the  large  end,  but  if  the  taper  is  cor- 
rect, the  lines  throughout  their  length  will  be  partially  erased. 

Another  and  more  accurate  method  of  testing  tapers,  is  to  apply  a 
thin  coat  of  Prussian-blue  to  one-half  of  the  tapering  surface,  in  a 
lengthwise  direction.  The  work  is  then  inserted  in  the  hole  or  gage 
and  turned  to  mark  the  bearing.  If  the  taper  is  correct,  the  bearing 
marks  will  be  evenly  distributed,  whereas  if  the  taper  is  incorrect,  they 
will  appear  at  one  end.  Tapering  pieces  that  have  to  be  driven  tightly 
into  a  hole,  as  a  piston-rod,  can  be  tested  by  the  location  of  the  bearing 
marks  produced  by  actual  contact 

After  the  taper  is  found  to  be  correct,  the  plug  is  reduced  in  size 
until  it  just  enters  the  gage  as  at  C.  The  final  cut  should  leave  it 
slightly  above  the   required  size,  so  that  a  smooth  surface   can   be 


Fig.  4.    T»p«r  Plug  *nd  Q*ff« 

obtained  by  filing.  It  should  be  mentioned  that  on  work  of  this  kind 
the  final  finish  is  very  often  obtained  by  grinding  in  a  regular  grind- 
ing machine  instead  of  by  filing.  When  this  method  is  employed, 
a  lathe  is  used  merely  to  rough  turn  the  part  close  to  size. 

When  the  amount  that  the  tailstock  center'  should  be  offset  is 
determined  by  calculating,  as  in  the  foregoing  example,  it  is  usually 
necessary  to  make  slight  changes  afterward,  and  the  work  should 
be  tested  before  it  is  too  near  the  finished  size  so  that  in  case  one 
or  more  trial  cuts  are  necessary,  there  will  be  material  enough  to 
permit  this.  When  there  are  a  number  of  tapered  pieces  to  be  turned 
to  the  same  taper,  the  adjustment  of  the  tailstock  center  will  have 
to  be  changed  unless  the  total  length  of  each  piece  and  the  depth 
of  the  center  holes  are  the  same  in  each  case. 

Setting-  the  Tailstock  Center  with  a  Caliper  Tool 
Another  method   of  setting  the  tailstock   center  for   taper  turning 
is  illustrated  in  Fig.  5.     The  end  of  a  rod  is  to  be  made  tapering  as 
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at  A  and  to  dimensions  a,  6,  c  and  <f.  It  is  first  turned  with  the 
centers  in  line  as  at  B.  The  end  d  is  reduced  to  diameter  b  up  to 
the  Beginning  of  the  taper  and  it  is  then  turned  to  diameter  a  as  far 
as  the  taper  part  c  extends.  The  tailstock  center  is  next  set  over 
hy  guess  and  a  caliper  tool   is  clamped  in  the  toolpost.     This  tool, 


PI*.  5.    BmtOng  Work  for  Taper  Turning  by  use  of  Caliper  Gage 

a  side  view  of  which  is  shown  in  Fig.  6,  has  a  pointer  p  that  is  free 
to  swing  about  pivot  r,  which  should  be  set  to  about  the  same  height 
as  the  center  of  the  work.  The  tailstock  center  is  adjusted  until  this 
pointer  just  touches  the  work  when  in  the  positions  shown  by  the 
full  and  dotted  lines  at  C,  Fig.  5;   that  is,  until  the  pointer  makes 


Plff.  0.    Bid*  yi«w  showing  Relative  Positions  of  Gage  sad  Work 

contact  at  the  beginning  and  end  of  the  taper  part.  The  travel 
of  the  carriage  will  then  be  parallel  to  a  line  x — x,  representing  the 
taper;  consequently,  if  a  tool  is  started  at  the  small  end,  as  shown 
by  the  dotted  lines  at  D,  with  the  nose  just  grazing  the  work,  it 
will  also  just  graze  it  when  fed  to  the  extreme  left  as  shown.  Of 
course,   if  the  taper   were  at  all   steep,   more   than   one   cut   would 
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be  taken.  If  these  various  operations  are  carefully  performed,  a 
fairly  accurate  taper  can  be  produced.  The  straight  end  d  is  re- 
duced to  size  after  the  tail-center  is  set  back  to  the  central  position. 
Some  mechanics  turn  notches  or  grooves  at  the  beginning  and  end 
of  the  tapering  part,  having  diameters  equal  to  the  largest  and 
smallest  part  of  the  taper;  the  work  is  then  set  by  these  grooves  with 
a  caliper  tool.  The  advantage  of  the  first  method  is  that  most  of  the 
metal  is  removed  while  the  centers  are  in  alignment. 

Setting-  the  Tailstook  Center  with  a  Square 

Still  another  method  of  adjusting  the  tailstock  for  taper  turn- 
ing, which  is  very  simple  and  eliminates  all  figuring,  is  as  follows: 
The  part  to  be  made  tapering  is  first  turned  cylindrical  or  straight 


Vig .  7.    Obtaining  Tailstook;  Oentar  Adjustment  by  use  of  Square 

for  3  or  4  Inches  of  Its  length,  after  the  ends  have  been  properly 
centered  and  faced  square.  The  work  is  then  removed  and  the  tail- 
stock  is  shifted  along  the  bed  until  the  distance  a — b  between  the 
extreme  points  of  the  centers,  is  exactly  1  foot.  The  center  is  next 
off  Bet  a  distance  6 — c  equal  to  ono-half  the  required  taper  per  foot, 
after  which  a  parallel  strip  D,  having  true  sides,  Is  clamped  in  the 
toolpost.  Part  D  is  then  set  at  right  angles  to  a  line  passing  from 
one  center  point  to  the  other.  This  can  be  done  conveniently  by 
holding  a  1-foot  square '(preferably  with  a  sliding  head)  against  one 
side  of  D  and  adjusting  the  latter  in  the  toolpost  until  edge  E  of 
the  square  blade  is  exactly  In  line  with  both  center  points.  After 
part  D  is  set,  it  should  be  clamped  carefully  to  prevent  changing  the 
position.  The  angle  between  the  side  of  D  and  an  imaginary  line 
which   is   perpendicular  to   axis   a — 6,   is   now   equal  to  one-half   the 
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angle  of  the  required  taper.  The  axis  of  the  part  to  be  turned  should 
be  set  parallel  with  line  Ey  which  can  be  done  by  setting  the  cylin- 
drical surface  which  was  previously  finished,  at  right  angles  to  the 
side  of  D.  In  order  to  do  this  the  work  is  first  placed  between 
centers,  the  tailstock  being  shifted  along  the  bed  if  necessary;  the 
tail-center  is  then  adjusted  laterally  until  the  finished  cylindrical 
surface  is  square  with  the  side  of  D.  A  small  try-square  can  be  used 
for  testing  the  position  of  the  work,  as  indicated  in  Fig.  8.  If  the 
length  of  the  work  is  less  than  1  foot,  it  will  be  necessary  to  move 
the  center  toward  the  rear  of  the  machine,  and  if  the  length  is  greater 
than  1  foot,  the  adjustment  is,  of  course,  in  the  opposite  direction. 
(This  method  has  been  described  in  Machinery  by  Mr.  H.  C.  Lord.) 

The  Taper  Attachment 

Turning  tapers  by  setting  over  the  tailstock  center  has  some  objec- 
tionable   features.     When    the   lathe    centers    are    not    in    alignment, 


Machinery 


Biff.  8.  Seoond  Step  in  Adjusting  TaOstook  Center  by  nee  of  Square 

as  when  set  for  taper  turning,  they  bear  unevenly  in  the  work  centers 
because  the  axis  of  the  work  is  at  an  angle  with  them;  this  causes 
the  work  centers  to  wear  unevenly  and  results  in  inaccuracy.  Further- 
more, the  adjustment  of  the  tailstock  center  must  be  changed  when 
turning  duplicate  tapers,  unless  the  length  of  each  piece  and  the 
depth  of  the  center  holes  are  the  same.  To  overcome  these  objections, 
many  modern  lathes  are  equipped  with  a  special  device  for  turning 
tapers,  known  as  a  taper  attachment,  which  permits  the  lathe  centers 
to  be  kept  in  alignment,  and  enables  more  accurate  work  to  be  done. 

Taper  attachments,  like  lathes,  vary  some  In  their  construction, 
but  all  operate  on  the  same  principle.  An  improved  form  of  taper 
attachment  is  illustrated  in  Figs.  9  and  10,  which  show  a  plan  view 
of  a  lathe  carriage  with  an  attachment  fitted  to  it,  and  also  a 
sectional  view.    This  attachment  has  an  arm  A  on  which  is  mounted 
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a  slide  8  that  can  be  turned  about  a  central  pivot  by  adjusting  screw 
D.  The  arm  A  is  supported  by,  and  is  free  to  slide  on  a  bracket  B 
(see  also  sectional  view)  that  is  fastened  to  the  carriage,  and  on 
one  end  of  the  arm  there  is  a  clamp  C  that  is  attached  to  the  lathe 
bed  when  turning  tapers.  On  the  slide  8  there  is  a  shoe  F  that  is 
connected  to  bar  E  which  passes  beneath  the  tool  slide.  The  rear  end 
of  the  cross-feed  screw  is  connected  to  this  bar,  and  the  latter  is 
clamped  to  the  tool-slide  when  the  attachment  is  in  use. 

When  a  taper  is  to  be  turned,  the  carriage  is  moved  opposite  the 
taper  part  and  clamp  C  is  fastened  to  the  bed;  this  holds  arm  A 
and    slide   8   stationary   so    that   the   carriage,    with   bracket   B    and 

shoe  F  can  be 
moved  with  rela- 
tion to  the  slide. 
If  this  slide  8  is 
set  at  an  angle, 
as  shown,  the 
shoe  as  it  moves 
along,  causes  the 
tool-slide  and  tool 
to  move  in  or  out, 
but  if  the  slide  is 
set  parallel  to  the 
carriage  travel, 
the  tool-slide  re- 
mains stationary. 
Now  if  the  tool, 
as  it  feeds  length-- 
wise  of  the  work, 
is  also  gradually 
moved  crosswise, 
it  will  turn  a  ta- 
per, and  as  this 
crosswise  move- 
ment is  caused  by 
the  angularity    of 

Pig.  9.    A  Lathe  Taper  Attachment  glide     ^     different 

tapers  are  obtained  by  setting  the  slide  to  different  positions.  By 
means  of  a  graduated  scale  at  G,  just  what  taper  would  be,  obtained 
for  any  angular  position  of  the  slide,  is  shown.  On  some  attachments 
there  are  two  sets  of  graduations,  one  giving  the  taper  in  inches  per 
foot  and  the  other  in  degrees.  While  tapers  are  ordinarily  given  in 
inches  per  foot  on  drawings,  sometimes  the  taper  is  given  in  degrees 
instead.  Fig.  11  shows  an  enlarged  view  of  the  scale  with  the  slide 
set  for  turning  a  taper  of  1  inch  per  foot.  The  attachment  is  set  for 
turning  tapers  by  adjusting  slide  &  until  pointer  p  is  opposite  the 
division  or  fractional  part  of  a  division  representing  the  taper.  The 
whole  divisions  on  the  scale  represent  taper  in  inches  per  foot,  and 
by  means  of  the  subdivisions,  the  slide  can  be  set  for  turning  frac- 
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tional  parts  of  an  inch  per  foot.  When  slide  &  is  properly  set,  it  is 
clamped  to  arm  A  by  the  nuts  N.  Bar  E  is  also  clamped  to  the  tool- 
elide  by  bolt  Ht  as  previously  stated.    The  attachment  is  disconnected 
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Tiff.  10,    Sectional  View  of  Taper  Attachment 

for  straight  turning  by  simply  loosening  clamp  C  and  the  bolt  H.    An 
example  of  taper  turning  with  the  attachment  is  given  in  Chapter  II. 

Height  of  Tool  when  Turning*  Tapers 

The  cutting  edge  of  the  tool,  when  turning  tapers,  should  be  at  the 

same  height  as  the  center  or  axis  of  the  work,  whether  an  attachment 

is  used  or  not.  The  importance  of  this 
will  be  apparent  by  referring  to  Fig.  12. 
To  turn  the  taper  shown,  the  tool  T 
would  be  moved  back  a  distance  x  (as- 
suming that  an  attachment  is  used) 
while  traversing  the  length  I.  If  the 
tool  could  be  placed  as  high  as  point  a, 
for  the  sake  of  illustration,  the  setting 
of  the  attachment  remaining  as  before, 
it  would  again  move  back  a  distance  x, 
while  moving  a  distance  I,  but  the  large 
end  would  be  undersized  (as  shown  ex- 
aggerated by  the  dotted  line)  if  the  di- 
ameters of  the  small  ends  were  the  same 
in  each  case.  Of  course,  if  the  tool  point 
were  only  slightly  above  or  below  the 
center,  the  resulting  error  would  also  be 
small.  The  tool  can  easily  be  set  central 
by  comparing  the  height  of  the  cutting 
edge  at  the  point  of  the  tool  with  one  of 

the  lathe  centers  before  placing  the  work  in  the  lathe. 

Taper  Turning  with  the  Compound  Best 
The  amount  of  taper  that  can  be  turned  by  setting  over  the  tail- 
stock  center  and  by  the  taper  attachment  is  limited,  as  the  centers 
can  only  be  offset  a  certain  distance,  and  the  slide  8  of  the  attach- 
ment cannot  be  swiveled  beyond  a  certain  position.  For  steep  tapers, 
the  compound  rest  E  is  swiyeled  to  the  required  angle  and  used  as 


\ 

6 

o— E 

«h~ 

°*— § 

»— ~ 

Machinery 

Ft*.  11.    Scale  of  Taper 
Attachment 
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indicated  in  Fig.  14,  which  shows  a  plan  view  of  a  rest  set  for  turn- 
ing the  valve  V.  This  compound  rest  is  an  upper  slide  mounted  on 
the  lower  or  main  cross-slide  D,  and  it  can  he  turned  to  any  angular 
position  so  that  the  tool,  which  ordinarily  is  moved  either  lengthwise 


Flf.  12.    Tool  Point  should  be  In  same  Horizontal  Plane  as 
Axis  of  Work  for  Taper  Turning 

or  crosswise  of  the  bed,  can  be  fed  at  an '  angle.  The  base  oi  the 
compound  rest  is  graduated  in  degrees  and  the  position  of  these 
graduations  shows  to  what  angle  the  upper  slide  Is  set.  Suppose  the 
seat  of  valve  V  is  to  be  turned  to  an  angle  cf  45  degrees  with  the 
axis  or  center,  as  shown  on  the  drawing  at  A,  Fig.  ,13.  To  set  the 
compound  rest,  nuts  n  on  either  side, 'which  hold  it  rigidly  to  the 
lower   slide,    are   first   loosened    and    the   slide   is    then   turned    until 


FIff.  18.    ■sample  of  Taper  Work  Turned  by  using  Compound  Best 

the  45  degree  graduation  is  exactly  opposite  the  zero  line;  the  slide 
is  then  tightened  in  this  position.  A  cut  is  next  taken  across  the 
valve  by  operating  handle  w  and  feeding  the  tool  in  the  direction  of 
the  arrow. 

In  this  particular  instance  the  compound  rest  is  set  to  the  same 
angle  given  on  the  drawing,  but  this,  is  not  always  the  case.  If  the 
draftsman  had  given  the  included'  angle  of  90  degrees,  as  shown 
at  B%  which  would  be  another  way  i>f  expressing  it,  the  setting  of  the 
compound  rest  would,  of  course,  be  the  same  as  before,  or  to  45 
degrees,   but    the   number   of    degrees   marked    on    the    drawing   does 
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not  correspond  with  the  angle  to  which  the  rest  must  be  set.  As 
another  illustration,  suppose  the  valve  were  to  be  turned  to  an  angle 
of  30  degrees  with  the  axis  as  shown  at  C.  In  this  case  the  compound 
rest  would  not  be  set  to  30  degrees  but  to  60  degrees,  because  in  order 
to  turn  the  work  to  an  angle  of  30  degrees,  the  rest  must  be  60  degrees 
from  its  zero  position,  as  shown.  From  this  it  will  be  seen  that  the 
number  of  degrees  marked  on  the  drawing  does  not  necessarily 
correspond  to  the  angle  to  which  the  rest  must  be  set,  as  the  graflu- 


Fi#.  14.    Plan  View  ehowlnff  method  of  Turning  a  Taper  with  the  Compound  Rest 

ations  on  the  rest  show  the  number  of  degrees  that  it  is  moved 
from  its  zero  position,  which  corresponds  to  the  line  a — 6.  The  angle 
to  which  the  compound  rest  should  be  set  can  be  found,  when  the 
drawing  is  marked  as  at  A  or  C,  by  subtracting  the  angle  given 
from  90  degrees.  When  the  included  angle  is  given,  as  at  B, 
subtract  one-half  the  included  angle  from  90  degrees  to  obtain  the 
required  setting.  Of  course,  when  using  a  compound  rest,  the  lathe 
centers  are  set  in  line  as  for  straight  turning,  as  otherwise  the 
angle  will  be  incorrect.  The  compound  rest  can  also  be  used  for 
boring  taper  holes  by  setting  it  to  the  angle  that  would  give  the  right 
taper  and  then  feeding  the  boring  tool  by  hand,  as  when  turning. 
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CHAPTER  II 


EXAMPLES  OP  CYLINDRICAL  AND  TAPER  TURNING, 
BORING  AND  THREAD  CUTTING 


A  practical  example  of  lathe  work  which  requires  both  straight  and 
and  taper  turning,  thread  cutting,  taper  boring,  reaming,  and  turning 
by  the  use  of  a  mandrel,  is  illustrated  in  Fig.  15,  which  represents  the 
drawing  of  an  engine  piston  and  rod.  The  various  steps  connected 
with  turning  these  two  parts  in  an  ordinary  engine  lathe  will  be 
explained. 

The  piston  is  usually  bored  and  reamed  before  the  rod  is  turned  so 
that  the  latter  can  afterward  be  fitted  to  it.    The  first  turning  opera- 
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FIff .  16.  Drawing  of  Xngta*  Ftotoft  and  Bod 
tion  consists  in  boring  the  hole  into  which  the  rod  is  to  be  fitted; 
therefore,  the  casting  must  be  held  either  in  a  chuck  C,  as  in  Fig.  16, 
or  on  a  faceplate  if  too  large  for  the  chuck.  The  side  of  the  casting 
(after  it  has  been  "chucked")  should  run  true  and  also  the  circum- 
ference, unless  the  cored  hole  for  the  rod  is  considerably  out  of  center, 
in  which  case  the  work  should  be  shifted  to  divide  the  error.  The 
side  of  the  casting  for  a  short  space  around  the  hole  is  faced  true 
with  a  round  nose  turning  tool,  after  which  the  rough  cored  hole  is 
bored  with  an  ordinary  boring  tool  f,  and  then  it  is  finished  with  a 
reamer  to  exactly  the  right  size  and  taper.     If  the  lathe  has  a  taper 
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attachment,  the  hole  can  be  bored  to  the  right  taper,  by  setting  the 
attachment  to  the  taper  given  on  the  drawing,  which,  in  this  example, 
is  %  inch  per  foot.  This  is  done,  as  will  be  recalled,  by  loosening 
nuts  N  and  turning  slide  8  until  pointer  P  is  opposite  the  %-inch 
division  on  the  scale;  the  attachment  is  then  ready,  after  bolt  H  and 
nuts  N  are  tightened,  and  clamp  C  is  fastened  to  the  lathe  bed.  The 
hole  is  bored  Jifst  as  though  it  were  straight,  and  as  the  carriage 
advances,   the'  tool  is   gradually   moved .  inward   by   the   attachment. 


Flff.  10.    Lethe  with  Taper  Attachment  arranged  for  Bormff  Taper  Bole 

If  the  lathe  is  without  an  attachment,  the  hole  must  be  bored  by 
using  the  compound  rest.  A  convenient  way  to  set  the  compound 
rest  to  the  required  angle  is  illustrated  in  Fig.  17.  A  bevel  protractor 
P  is  first  set  to  the  taper  of  the  reamer;  this  protractor  is  then  placed 
against  the  finished  spot  on  the  casting  as  shown  in  Fig.  17,  or  against 
the  faceplate,  if  the  casting  has  not  been  chucked,  and  the  compound 
rest  is  adjusted  to  the  same  angle  as  the  protractor  blade.  The  tool 
is  set  for  boring  by  adjusting  the  carriage  and  cross-slide  D,  and  it  is 
fed  by  hand  through  the  hole  by  compound  slide  E. 

The  hole  is  bored  slightly  under  the  finished  size,  and  then  a  reamer 
is  placed   in  the  hole.     The  outer  end  of  the  reamer,  which  should 
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have  a  deep  center  hole,  is  supported  by  the  tailstock  center.  The 
lathe  is  run  very  slow  for  reaming  and  the  reamer  is  fed  into  the  hole 
by  feeding  out  the  tailstock  spindle.  The  reamer  can  be  kept  from 
revolving  with  the  work,  either  by  attaching  a  heavy  dog  to  the 
end  or,  if  the  end  is  squared,  by  the  use  of  a  wrench.  A  common 
method  is  to  clamp  a  dog  to  the  reamer  shank,  and  then  place  the 
tool-rest  beneath  it  to  prevent  rotation.  If  the  shank  of  a  tool  is 
clamped  to  the  toolpost  so  that  the  dog  rests  against  it,  the  reamer 
will  be  prevented  from  slipping  off  the  center  as  it  tends  to  do;  with 
this  arrangement,  the  carriage  is  gradually  moved  along  as  the  tail- 
stock  spindle  is  fed  outward.  A  reamer  of  the  type  illustrated  at  B, 
Fig.  18,  is  fed  in  until  the  stop  collar  8  comes  against  the  finished 
side  of  the  casting.    By  having  this  stop,  the  holes  in  any  number  of 


Fig.  17.    Setting  Oompomnd  Rest  to  Required  Angle  by  using  Bevel 

pistons  can  be  reamed  to  the  same  size.    If  a  plain  reamer  A  were 
used,  the  hole  would  probably  be  tested  by  inserting  a  plug  gage. 

After  the  reaming  operation,  the  casting  is  removed  from  the  chuck 
and  a  taper  mandrel  is  driven  into  the  hole  for  turning  the  outside 
of  the  piston.  This  mandrel  should  run  true  on  its  centers,  as  other- 
wise the  outside  surface  of  the  piston  will  not  be  true  with  the  bored 
hole.  The  mandrel  M  and  the  casting  are  next  mounted  between  the 
lathe  centers  as  shown  in  Fig.  19,  after  the  chuck  has  been  replaced 
with  a  faceplate.  The  driving  dog  D,  especially  for  large  work  of 
this  kind,  should  be  heavy  and  stiff,  because  light  flexible  clamps  or 
dogs  vibrate  and  frequently  cause  chattering.  For  such  heavy  work 
it  is  also  preferable  to  drive  at  two  points  on  opposite  sides  of  the 
faceplate,  but  the  driving  pins  must  be  carefully  adjusted  to  secure 
a  uniform  bearing  on  both  sides.  The  outside  of  the  piston  might  be 
turned  either  to  the  diameter  given  on  the  drawing,  or  be  fitted  to 
the  cylinder  of  the  engine  for  which  the  piston  is  intended.  When 
turning  work  of  this  diameter,  it  must  revolve  quite  slowly  as  other- 
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wise  the  turning  tool  will  be  quickly  dulled,  and  it  is  for  such  large 
work  that  the  slow  speeds  obtained  by  driving  through  the  back-gears 
are  used.  Ordinarily  a  piston  casting  could  be  reduced  to  finished 
diameter  by  taking  one  roughing  and  one  light  finishing  cut,  though 


Fig.  18.   Plain  Reamer— Bauaar  with  Stop  Sleeve 

this  would  depend,  of  course,  on  the  diameter  of  the  rough  casting. 

After  turning  the  outside,  grooves  for  the  packing  rings  are  laid 

out,  as  shown  at  A,  Fig.  20,  by  scribing  arcs  from  a  central  point  a, 

that  are  the  same  distance  apart  as  the  grooves.    The  dimensions  are 
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Flgi  19.    Piston  Mounted  on  Mandrel,  In  Position  ft>r  Turning 

obtained  from  the  drawing,  and  the  lines  should  be  marked  by  light 
punch  marks  as  shown.  One  method  of  cutting  these  grooves  would 
be  to  use  a  square-nosed  tool  t  (similar  in  shape  to  a  parting  tool) 
for  turning  them  to  depth,  and  side  tools  for  finishing  the  sides. 
Grooves  that  are  quite  wide  would  be  formed  by  first  taking  a  cut 
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on  each  side  and  then  turning  away  the  central  part,  as  shown  at  B. 
The  grooves  should  then  be  finished  to  the  required  width  either  by 
using  right-  and  left-hand  side  tools,  or  a  "square  noee"  ground  to  the 
right  size.  The  width  of  the  grooves  should  be  exactly  the  same, 
and  ordinarily  they  are  fitted  to  some  form  of  gage  g.  This  particu- 
lar style  is  double-ended,  the  upper  end  being  used  to  measure  the 
packing  rings  that  fit  into  the  grooves.  When  the  grooves  are  finished, 
the  outside  of  the  piston  is  filed  to  make  it  smooth. 

The  final  operation  is  to  finish  the  pocket  for  the  rod  nut,  which 
can  be  done  by  using  a  bent  square-nosed  tool  tlm  It  may  be  neces- 
sary to  grind  part  of  the  under  side  of  this  tool  away  to  provide 


Fig.  30.    8uoo»«slv«  Steps  In  Turning  Paoktng-ring  Grooves 

clearance,   or   in  other   words,   to   make   a  kind   of  special   tool   that 
would  be  kept  for  this  particular  job. 

The  foregoing  method  of  machining  a  piston  is  one  that  would 
ordinarily  be  followed  when  using  a  standard  engine  lathe,  and  it 
would,  perhaps,  be  as  economical  as  any  if  only  one  piston  were  being 
made;  but  where  such  work  is  done  in  large  quantities,  time  could 
be  saved  by  proceeding  in  a  different  way.  For  example,  the  boring 
and  reaming  operation  could  be  performed  much  faster  in  a  turret 
lathe,  which  is  a  type  designed  for  just  such  work,  but  a  turret  lathe 
cannot  be  used  for  as  great  a  variety  of  work  as  a  lathe  of  the  regular 
type.  There  are  also  many  other  classes  of  work  that  can  be  turned 
more  quickly  in  special  types  of  machines,  but  as  more  or  less  time  is 
required  for  arranging  these  special  machines  and  often  special  tools 
have  to  be  made,  the  ordinary  lathe  is  frequently  indispensable  when 
only  a  few  parts  are  needed;  in  addition,  it  is  better  adapted  to  some 
turning  operations  than  any  other  machine. 
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Turning'  the  Piston-rod 

The  stock  for  the  piston-rod  is  cut  off  to  the  right  length  (probably 
in  a  hacksaw  machine),  and  the  ends  are  centered.  The  work  is  then 
placed  between  the  lathe  centers  with  a  driving  dog  D  (Fig.  21) 
attached  to  the  faceplate  end,  and  the  tailstock  center,  after  being 
oiled,  is  adjusted  rather  snugly  but  not  tight  enough  to  prevent  a 
free  rotary  movement  of  the  work.  The  body  of  the  rod  is  first  rough 
turned  say  1/16  inch  above  the  finished  size,  the  cut  being  continued 
until  the  tool  is  near  the  driving  dog.  Light  punch  marks  a  and  6 
are  then  made  on  the  rod  to  mark  the  location  of  the  shoulders  or 
the  length  of  the  rod  body  which,  in  this  case,  is  24  inches.     The 


Fig.  21.   Taper  Attachment  Set  for  Turning  Taper  Bnd  of  Rod 

marks  should  also  be  the  right  distance  from  the  ends.  The  right- 
hand  mark  is  laid  out  for  the  crosshead  end  which  is  to  be  fitted 
first.  The  taper  attachment  is  next  set  to  turn  a  taper  of  %  inch  per 
foot,  as  marked  on  the  drawing.  While  this  taper  corresponds  to  the 
taper  of  the  hole  in  the  piston,  slide  8  will  have  to  be  re-set  to  the 
%-inch  division  on  the  opposite  side  of  the  central  zero  mark  (see 
Fig.  11,  Chapter  I)  because  the  taper  of  the  hole  decreased  in  size 
during  the  boring  operation  whereas  the  rod  is  smallest  at  the  begin- 
ning of  the  cut,  so  that  the  tool  must  move  outward  rather  than 
inward  as  it  advances.  The  taper  part  is  turned  practically  the  same 
as  a  cylindrical  part;  that  is,  the  power  feed  is  used  and,  as  the  car- 
riage moves  along  the  bed,  the  tool  is  gradually  moved  outward  by 
the  taper  attachment.  If  the  rod  is  being  fitted  directly  to  the  cross- 
head,  as  is  usually  the  case,  the  approximate  size  of  the  taper  end 
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could  be  determined  by  calipering,  the  calipers  being  set  to  the  size 
of  the  hole  at  a  point  4  inches  (in  this  case)  from  the  shoulder  or 
face  side.  If  the  crosshead  was  bored  originally  to  fit  a  standard  plug 
gage,  the  taper  on  the  rod  could  be  turned  with  reference  to  this 
gage,  but,  whatever  the  method,  the  taper  should  be  tested  before 
turning  too  close  to  the  finished  size.  The  test  is  made  by  removing 
the  rod  from  the  lathe  and  driving  it  tightly  into  the  crosshead.  This 
shows  how  near  the  taper  is  to  size,  and  when  the  rod  is  driven  out, 
the  bearing  marks  show  whether  the  taper  is  exactly  right  or  not. 
If  the  rod  could  be  driven  in  until  the  shoulder  is  say  %  inch  from  the 
crosshead  face,  it  would  then  be  near  enough  to  finish  to  size  by 
filing.  When  filing,  the  lathe  is  run  much  faster  than  for  turning, 
and  the  most  filing  should  be  done  where  the  bearing  marks  are  the 
heaviest,  to  distribute  the  bearing  throughout  the  length  of  the  taper. 
Care  should  be  taken  when  driving  the  rod  in  or  out,  to  protect  the 
center-holes  in  the  ends  by  using  a  "soft"  hammer  or  by  holding  a 
piece  of  soft  metal  against  the  driving  end. 

After  the  crosshead  end  is  finished,  the  rod  is  reversed  in  the  lathe 
for  turning  the  piston  end.     The  dog  D  is  clamped  to  the  finished 


Flf.  23.    Final  Operations  on  Piston  Bod 


end,  preferably  over  a  piece  of  sheet  copper  to  prevent  the  surface 
from  being  marred,  and  the  end  is  then  rough  turned  as  at  A,  Fig.  22, 
diameter  d  being  made  slightly  greater  than  the  largest  diameter  of 
the  taper,  and  e  equal  to  the  diameter  of  the  thread.  The  attachment 
is  then  engaged  and  the  taper  part  turned  to  the  same  taper  as  the 
opposite  end,  as  called  for  on  the  drawing.  When  turning  this  end, 
either  the  piston  reamer  or  the  finished  hole  in  the  piston  can  be 
caliperedr  'The  size  and  angle  of  the  taper  are  tested  by  driving  the 
rod  into  the  piston,  and  the  end  should  be  fitted  so  that  by  driving 
tightly,  the  shoulder  will  just  come  up  against  the  finished  face  of  the 
piston.  When  the  taper  is  finished,  the  attachment  is  disengaged  and 
a  finishing  cut  is  taken  over  the  body  of  the  rod  with  a  sharp  tool 
and  rather  fine  feed  to  obtain  a  smooth  surface. 

The  next  and  final  turning  operation  is  that  of  threading  the  end 
as  at  B.  As  there  are  eight  threads  per  inch  (see  drawing,  Fig.  15) 
the  lathe  is  geared  for  cutting  that  number,  and  the  thread  is  cut  as 
explained  in  Part  I  of  this  treatise.  (See  Chapter  VIII,  Machinery's 
Reference  Book,  No.  91.)  The  final  operation  consists  in  filing  and 
polishing  the  body  of  the  rod,  the  file  being  used  first  to  take  off  the 
ridges  left  by  the  tool,  and  then  emery  cloth  to  polish  the  surface. 
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CUTTING  SPEEDS  AND  FEEDS 

In  all  turning  operations  there  are  two  very  important  questions 
that  must  be  considered:  One  has  to  do  with  the  cutting  speed  that 
is  used,  and  the  other  relates  to  the  feed  of  the  tool  and  depth  of 
the  cut.  The  cutting  speed  is  the  number  of  feet  per  minute  that  the 
tool  point  passes  over,  or  practically  speaking,  it  is  equivalent  to 
the  length  of  a  chip  which  would  be  turned  in  one  minute.  The  term 
cutting  speed  should  not  be  confused  with  revolutions  per  minute, 
because  the  cutting  speed  depends  not  only  on  the  speed  of  the  work 
but  also  on  Its  diameter.  The  feed  of  a  tool  is  the  amount  it  moves 
across  the  surface  of  the  work  for  each  revolution;  that  is,  when  turn- 

TABLB  OF  CUTTING)  SPBBDS   FOR  TURNING   STBBL 


1 

1 

Depth  of 
Cut  in           1         Feed  in 
Inches                     Inches 

Cutting:  Speed  in  Feet  per  Minute  for  a  Tool 

which  is  to  last  1  Hour  and  30  Minutes 

before  Regrindin? 

Soft  Steel 

Medium  Steel 

Hard  Steel 

*              ft 
A 

476 
826 
222 

177 

288.0 

162.0 

111.0 

88.4 

108.0 
78.8 
50.4 
40.2 

852 
240 
164 
181 

112 

176.0 

120.0 

82.0 

65.5 

56.0 

80.0 
54.5 
87.8 
29.8 
25.5 

i      A 

1                  A 

264 
180 
122 

182.0 
90.2 
61.1 

60.0 
41.0 
27.8 

ing  a  cylindrical  piece,  the  feed  is  the  amount  that  the  tool  moves 
sidewise  for  each  revolution  of  the  work.  Evidently  the  time  required 
for  turning  is  governed  largely  by  the  cutting  speed,  the  feed,  and 
the  depth  of  the  cut;  therefore,  these  elements  should  be  carefully 
considered.  It  is  impossible  to  give  any  definite  rule  for  determining 
either  the  speed,  feed,  or  depth  of  cut,  because  these  must  be  varied 
to  suit  existing  conditions.  We  shall,  however,  point  out  some  of 
the  underlying  principles  which  must  be  considered  in  determining 
the  proper  speed  and  feed. 

The  cutting  speed  is  governed  principally  by  the  hardness  of  the 
metal  to  be  turned;  the  Kind  of  steel  of  which  the  turning  tool  is 
made;  the  shape  of  the  tool  and  its  heat  treatment;  the  feed  and 
depth  of  cut;  the  power  of  the  lathe  and  also  its  construction.  It  is 
the  durability  of  the  turning  tool*  or  the  length  of  time  that  it  will 
turn  effectively  without  grinding,  that  limits  the  cutting  speed;  and 
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the  hardness  of  the  metal  being  turned  combined  with  the  quality  of 
the  tool,  are  the  two  factors  which  largely  govern  the  time  that  a 
tool  can  be  used  before  grinding  is  necessary.  The  cutting  speed  for 
very  soft  steel  or  cast  iron  can  be  three  or  four  times  faster  than 
the  speed  for  hard  steel  or  hard  castings,  but  whether  the  material 
is  hard  or  soft,  the  kind  of  tool  to  use  must  also  be  considered  as 
the  speed  for  a  tool  made  of  ordinary  carbon  steel  will  have  to  be 
much  slower  than  for  a  tool  made  of  modern  "high-speed"  steel. 

When  the  cutting  speed  is  too  high,  even  though  high-speed  steel 
is  used,  the  point  of  the  tool  is  softened  to  such  an  extent  by  the 
heat  resulting  from  the  pressure  and  friction  of  the  chip,  that  the 
cutting  edge  is  ruined  in  too  short  a  time.  On  the  other  hand,  when 
the  speed  is  too  slow,  the  heat  generated  is  so  slight  as  to  have  little 

TABLB  op  cutting  bpbbds  for  turning  cast  iron 


Depth  of 
Cut  in 
Inches 

Feed  In 
Inches 

Cutting  Speed  in  Feet  per  Minute  for  *3bol  ' 

which  it  to  last  1  Hour  and  80  Minutes 

before  Resrinding- 

Soft 
Cast  Iron 

Medium         |            Hard 
Cast  Iron                Cast  Iron 

A 

A 

h 

i 

A 

169.0 

122.0 

86.4 

70.1 

84.6 
61.2 
48.2 
85.1 

49.4 
85.7 
25.2 
20.5 

A 

A 
A 
i 
A 

187.0 
99.4 
70.1 
56.8 

6c*. 6 
49.7 
85.0 
28.4 

40.1 
29.0 
20.5 
16.6 

f 

A 

A 
i 
A 

111.0 
80.0 
56.4 

45.8 

55.4 
40.0 
28.2 
22.9 

82.8 
28.4 
16.5 
18.4 

effect  and  the  tool  point  is  dulled  by  being  slowly  worn  or  ground 
away  by  the  action  of  the  chip.  A  tool  operating  at  such  a  low  speed 
can,  of  course,  be  used  a  comparatively  long  time  without  re-sharpen- 
ing, but  this  is  more  than  offset  by  the  fact  that  too  much  time  is 
required  for  removing  a  given  amount  of  metal  when  the  work  is 
revolving  so  slowly.  Generally  speaking,  the  speed  should  be  such 
that  a  fair  amount  of  work  can  be  done  before  the  tool  requires  re- 
grinding.  Evidently  it  would  not  pay  to  grind  a  tool  every  few  min- 
utes in  order  to  maintain  a  high  cutting  speed;  neither  would  it  be 
economical  to  use  a  very  slow  speed  and  waste  considerable  time  in 
turning,  just  to  save  the  few  minutes  required  for  grinding.  For 
example,  if  a  number  of  roughing  cuts  had  to  be  taken  over  a  heavy 
rod  or  shaft,  time  might  be  saved  by  running  at  such  a  speed  that 
the  tool  would  have  to  be  sharpened  (or  be  replaced  by  a  tool  previ- 
ously sharpened)  when  it  had  traversed  half-way  across  the  work; 
that  is,  the  time  required  for  sharpening  or  changing  the  tool  would 
be  short  as  compared  with  the  gain  effected  by  the  high  work  speed. 
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On  the  other  hand,  it  might  be  more  economical  to  run  a  little  slower 
and  take  a  continuous  cut  across  the  work  with  one  tool. 

Sometimes  the  work  speed  cannot  be  as  high  as  the  tool  will  permit, 
because  of  the  chattering  that  often  results  when  the  lathe  is  old 
and  not  massive  enough  to  absorb  the  vibrations,  or  when  there  Is 
unnecessary  play  in  the  working  parts.  The  shape  of  the  tool  used 
also  effects  the  work  speed,  and  as  there  are  so  many  things  to  be 
considered,  the  proper  cutting  speed  is  best  determined  by  experi- 
ment. The  two  accompanying  tables,  giving  cutting  speeds  for  hard, 
medium,  and  soft  steel  and  cast  iron  will  be  found  useful,  in  a  gen- 
eral way,  in  determining  the  most  economical  speed.  These  tables 
represent  a  few  of  the  experiments  conducted  by  Mr.  Fred  W.  Taylor, 
and  the  figures  given  are  based  on  the  use  of  a  tool  correctly  ground 
and  made  of  a  good  grade  of  high-speed  steel,  properly  heat  treated. 

It  will  be  noted  that  the  cutting  speed  is  much  slower  for  cast 
iron  than  for  steel,  and  also  that  the  feed  and  depth  of  cut  have  a 
very  decided  effect  on  the  speed.  Cast  iron  is  cut  with  less  pressure 
or  resistance  than  soft  steel,  but  the  slower  speed  for  cast  iron  is 
probably  because  the  pressure  of  the  chip  is  concentrated  closer  to 
the  cutting  edge,  combined  with  the  fact  that  cast  iron  wears  the  tool 
faster  than  steel,  the  wear  occurring  close  to  the  cutting  edge. 

The  number  of  revolutions  required  to  give  any  desired  cutting 
speed  can  be  found  by  multiplying  the  cutting  speed,  in  feet  per 
minute,  by  12  and  dividing  the  product  by  the  circumference  of  the 
work  in  inches.    Expressing  this  as  a  formula  we  have 

CX12 

R  = 

xd 
in  which 
R  =  revolutions  per  minute; 
C  =  the  cutting  speed  in  feet  per  minute; 
*■  =  3.1416;   and 
d  =  the  diameter  in  inches. 

For  example  if  a  cutting  speed  of  60  feet  per  minute  is  wanted  and 
the  diameter  of  the  work  is  5  inches,  the  required  speed  for  the  work' 
would  be  found  as  follows: 

60  x  12 

R  = =  46  revolutions  per  minute. 

3.1416  X  5 

If  the  diameter  is  simply  multiplied  by  3  and  the  fractional  part  is 
omitted,  the  calculation  can  easily  be  made,  and  the  result  will  be 
close  enough  for  practical  purposes.  In  case  the  cutting  speed,  for 
a  given  number  of  revolutions  and  diameter,  is  wanted,  the  following 
formula  can  be  used: 

Rrrd 

C  = 

12 

Of  course,   machinists  that  operate  lathes   do  not  know,  ordinarily, 
what  cutting  speeds  in  feet  per  minute  are  used  for  different  classes 
of  work,  but  are  guided  entirely  by  past  experience. 
The  amount  of  feed  and  depth  of  cut  also  vary,  like  the  cutting 
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speed,  with  different  conditions.  Ordinarily  coarser  feeds  and  a 
greater  depth  of  cut  can  be  used  for  cast  iron  than  for  soft  steel 
because  cast  iron  offers  less  resistance  to  turning,  but  in  any  case, 
with  a  given  depth  of  cut,  metal  can  be  removed  more  quickly  by 
using  a  coarse  feed  and  the  necessary  slower  speed,  than  by  using 
a  tine  feed  and  the  accompanying  higher  speed.  When  the  turning 
operation  is  simply  to  remove  metal,  coarse  feeds  and  deep  cuts  are 
taken,  but  sometimes  the  cut  must  be  comparatively  light,  either 
because  the  work  is  too  fragile  and  springy  to  withstand  the  strain 
of  a  heavy  cut,  or  the  lathe  has  not  sufficient  pulling  power.  The 
difficulty  with  light  slender  work  Is  that  a  heavy  cut  may  cause  the 
part  being  turned  to  bend  under  the  strain,  thus  causing  the  tool  to 
gouge  in  which  would  probably  result  in  spoiling  the  work.     Steady- 


Fig.  23.   Roughing  Oat— Light  Finishing  Oat  and  Coarse  Feed 


rests  can  often  be  used  to  prevent  flexible  parts  from  springing,  but 
there  are  many  kinds  of  light  work  to  which  the  steadyrest  cannot  be 
applied  to  advantage. 

The  amount  of  feed  to  use  for  a  finishing  cut  might,  properly,  be 
either  fine  or  coarse.  Ordinarily  fine  feeds  are  used  for  finishing 
steel,  especially  if  the  work  is  at  all  flexible,  but  a  finishing  cut  in 
cast  iron  is  often  accompanied  by  a  coarse  feed.  Fig.  23  illustrates 
the  feeds  that  are  often  used  when  turning  cast  iron.  The  view  to 
the  left  shows  a  deep  roughing  cut  and  the  one  to  the  right,  a  finish- 
ing cut.  By  using  a  broad  flat  cutting  edge  set  parallel  to  the  tool's 
travel,  and  a  coarse  feed  for  finishing,  a  smooth  cut  can  be  taken  in 
a  comparatively  short  time.  Some  castings  which  are  close  to  the 
finished  size  in  the  rough,  can  be  finished  by  taking  one  cut  with  a 
broad  tool,  provided  the  work  is  sufficiently  rigid.  It  is  not  always 
practicable  to  use  these  broad  tools  and  ccarse  feeds,  as  they  some- 
times cause  chattering,  and  when  used  on  steel,  a  broad  tool  Lends 
to  gouge  or  "dig  in"  unless  the  part  being  turned  is  rigid.  Heavy 
steel  parts,  however,  are  sometimes  finished  in  this  way.  Much  of 
the  work  that  is  turned,  at  the  present  time,  is  afterwards  finished 
In  a  grinding  machine  so  that  often  it  is  not  necessary  to  take  a 
finishing  cut  to  secure  a  smooth  surface. 
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THREADS  OF  DIFFERENT  FORM  AND  METHODS 
OF  CUTTING 

Three  forms  of  threads  which  are  very  common  In  this  country  are 
shown  in  Fig.  24;  these  are  the  V-thread  At  the  U.  S.  standard  Bt  and 
the  square  thread  C.  The  shapes  of  these  threads  are  shown  by  the 
sectioned  parts.  The  V-thread  has  straight  sides  which  make  an 
angle  of  60  degrees  with  each  other  and  a  like  angle  with  the  axis 
bf  the  screw.  The  U.  S.  standard  thread  is  similar  to  the  V-thread 
except  that  the  top  of  the  thread  and  bottom  of  the  groove  is  left 
flat,  as  shown,  and  the  width  of  these  flats  is  made  equal  to  %  of  the 
pitch.  The  square  thread  is  square  in  section,  the  width  a,  depth  b 
and  space  c  being  all  equal.  All  of  these  threads  are  right-hand,  which 
means  that  the  grooves  wind  around  to  the  right  so  that  a  nut  will 
have  to  be  turned  toward  the  right  to  entej*  it  on  the  thread.  A  left- 
hand  thread  winds  in  the  other  direction,  as  shown  at  D,  and  a  nut 
is  screwed  on  by  turning  it  to  the  left.  Threads,  in  addition  to  being 
right-  and  left-handed,  are  single,  as  at  A,  B,  C,  and  D,  double,  as  at 
E,  and  triple,  as  at  Fy  and  for  certain  purposes  quadruple  threads  are 
employed.  A  double  thread  is  different  from  a  single  thread  in  that 
it  has  two  grooves,  starting  diametrically  opposite,  whereas  a  triple 
thread  has  three  grooves  cut  as  shown  at  F.  The  object  in  having 
these  multiple  threads  is  to  obtain  an  increase  in  lead  without  weak- 
ening the  screw.  For  example,  the  threads  shown  at  C  and  E,  have 
the  same  pitch,  but  the  lead  of  the  double-threaded  screw  is  twice 
that  of  the  one  with  a  single  thread  so  that  a  nut  would  advance 
twice  as  far  in  one  revolution,  which  is  often  a  very  desirable  feature. 
To  obtain  the  same  lead  with  a  single  thread,  the  pitch  would  have 
to  be  double,  thus  giving  a  much  coarser  thread,  which  would  weaken 
the  screw,  unless  its  diameter  were  increased.  (The  lead  is  the  dis- 
tance I  that  one  thread  advances  in  a  single  turn,  or  the  distance 
that  a  nut  would  advance  in  one  turn,  and  It  should  not  be  confused 
with  the  pitch  p,  which  is  the  distance  between  the  centers  of  adjacent 
threads.    The  lead  and  pitch  of  a  single  thread  are  the  same.)* 

Cutting  a  U.  S.  Standard  Thread 

A  U.  S.  standard  thread  is  cut  in  the  same  way  described  for  a 
V-thread,  in  Chapter  VIII,  Machinery's  Reference  Series  No.  91,  but 
as  it  has  a  different  form,  a  tool  of  corresponding  shape  is  used.  This 
tool  is  first  ground  to  an  angle  of  60  degrees,  as  it  would  be  for  cutting 
a  V-thread,  and  then  the  point  is  made  flat  as  shown  in  Fig.  25.  As 
the  width  of  this  flat  is  equal  to  %  of  the  pitch,  it  varies,  of  course, 
for  different  pitches.  By  using  a  gage  like  the  one  shown  at  G,  the 
tool  can  easily  be  ground   for  any  pitch,  as  the  notches  around  tho 

•See al*o  Machinery's  Reference  Book  No.  31:  "Screw  Thread  Tools  and  Gasea." 
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periphery  of  the  gage  are  marked  for  different  pitches  and  the  tool- 
point  is  fitted  into  the  notch  corresponding  to  the  pitch  wanted. 

When  the  cutting  the  thread,  the  tool  is  set  square  with  the  blank, 
and  a  number  of  successive  cuts  are  taken,  the  tool  being  fed  in 
until  the  width  w  of  the  flat  at  the  top  of  the  thread  is  equal  to  the 
width  at  the  bottom.  The  thread  will  then  be  the  right  size  provided 
the  outside  diameter  D  is  correct.    As  it  would  be  difficult  to  measure 
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PI*.  24.    <A>  V-thread.   (B)  U.  8.  Standard  Thread.    (O)  Square  Thread.    (D)  Left-hand 
Thread.    (B)  Doable  Square  Thread.    (F)  Triple  Square  Thread 

the  width  of  this  flat  accurately,  the  thread  can  be  tested  by  screw- 
ing a  standard  nut  over  it  if  a  standard  thread  is  being  cut.  If  it  is 
being  fitted  to  a  tapped  hole,  the  tap  itself  is  a  very  convenient  gage 
to  use,  the  method  being  to  caliper  the  tap  and  then  compare  its 
size  with  the  work.  Calipers  or  micrometers,  such  as  illustrated  in  Fig. 
60  (Part  I),  can  be  used. 

A  good  method  of  cutting  a  U.  S.  standard  thread  to  a  given  size 
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is  as  follows:  First  turn  the  outside  of  the  blank  accurately  to  diam- 
eter D,  and  then  turn  a  small  part  on  the  end  to  diameter  r  of  the 
thread  at  the  root.  The  finishing  cut  for  the  thread  is  then  taken 
with  the  tool  point  set  to  just  graze  diameter  r.  If  ordinary  calipers 
were  set  to  diameter  r  and  measurements  taken  in  the  thread  groove, 
the  size  might  be  incorrect  owing  to  the  angularity  of  the  groove, 
which  makes  it  necessary  to  hold  the  calipers  at  an  angle  when  meas- 


Flf .  25.    U.  8.  Standard  Thread,  Thread  Tool,  aad  Oa«a 

urlng.    A  table,  giving  root  diameters  for  various  pitches,  is  conveni- 
ent to  have,  but  this  diameter  can  be  found  by  the  following  formula: 


(1.299V 
— )- 


in  which  D  equals  outside  diameter,  N  the  number  of  threads  per 

inch,  and  r  the  root  diameter.    The  number  1.299  is  a  constant  that 

is  always  used. 

Cutting1  a  Left-hand  Thread 

The  only  difference  between  cutting  left-handed  and  right-handed 
threads  in  the  lathe,  is  in  the  movement  of  the  tool  with  relation  to 
the  work.  When  cutting  a  right-hand  thread,  the  tool  moves  from 
right  to  left,  but  this  movement  is  reversed  for  left-hand  threads 
because  the  thread  winds  around  in  the  opposite  direction.  To  make 
the  carriage  travel  from  left  to  right,  the  lead-screw  is  rotated  back- 
wards by  means  of  reversing  gears  a  and  b  (Fig.  26)  located  in  the 
headstock.  Either  of  these  gears  can  be  engaged  with  the  spindle 
gear  by  changing  the  position  of  lever  R.  When  gear  a  is  in 
engagement,  as  shown,  the  drive  from  the  spindle  to  gear  c  is  through 
gears  a  and  ft,  but  when  lever  R  is  raised  thus  shifting  b  into  mesh, 
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the   drive  Is  direct  and    the   direction   of  rotation   is   reversed.     The 
thread  is  cut  by  starting  the  tool  at  a,  Fig.  24,  instead  of  at  the  end. 

Cutting*  a  Square  Thread 
The  form  of  tool  used  for  cutting  a  square  thread  is  shown  in 
Fig.  27.  The  width  to  is  made  equal  to  one-half  the  pitch  of  the  thread 
to  be  cut  and  the  end  E  is  at  an  angle  with  the  shank,  which  corre- 
sponds to  the  inclination  x-y  of  the  threads.  This  angle  A  depends  on 
the  diameter  of  the  screw  and  the  lead  of  the  thread;  it  can  be 
determined  graphically  by  laying  off  a  line  a-b  equal  to  the  circumfer- 
ence of  the  screw  to  be  cut,  and  a  line  b-c.  at  right  angles,  equal  to 
the    lead    of    the    thread.      The    angle    a    between    lines    a-b    and 
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Flff.  20.    Bnd  View  of  L«th«  HMdstock 

a-c  will  be  the  required  angle  A.  It  is  not  necessary  to  have  this 
angle  accurate,  ordinarily,  as  It  is  simply  to  prevent  the  tool  from 
binding  against  the  sides  of  the  thread.  The  end  of  a  square  thread 
tool  is  shown  in  section  to  the  right  to  illustrate  its  position  with 
relation  to  the  threads.  The  sides  e  and  eL  are  ground  to  slope 
inward,  as  shown,  to  provide  additional  clearance. 

When  cutting  multiple  threads,  which,  owing  to  their  increased  lead, 
incline  considerably  with  the  axis  of  the  screw,  the  angles  for  each 
side  of  the  tool  can  be  determined  independently  as  follows:  Lay 
off  a-b  equal  to  the  circumference  of  the  thread,  as  before,  to  obtain 
the  required  angle  /  of  the  rear  or  following  side  e,;  the  angle  I 
of  the  opposite  or  leading  side  is  found  by  making  a-b  equal  to  the 
circumference  at  the  root  of  the  thread.  The  tool  illustrated  is 
for  cutting  right-hand   threads;    if  it  were   intended   for  a   left-hand 
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thread,  the  end,  of  course,  would   incline   in   the  opposite   direction. 
The  square  thread  is  cut  so  that  the  depth  d  Is  equal  to  the  width. 

Cutting1  Multiple  Threads 

When  a  multiple  thread  is  to  he  cut,  as  a  double  or  triple  thread, 
the  lathe  is  geared  with  reference  to  the  number  of  single  threads  to 
the  inch.  For  example,  the  lead  of  the  double  thread,  shown  at  B, 
Fig.  28,  is  one-half  inch,  or  twice  the  pitch,  and  the  number  of  single 
threads  to  the  inch  equals  1  -f-  %  =  2. 

Therefore,  the  lathe  is  geared  for  cutting  two  threads  per  inch. 
The  first  cut  is  taken  just  as  though  a  single  thread  were  being  cut, 
leaving  the  work  as  shown  at  A.  When  this  cut  is  finished  the  work 
is  turned  one-half  a  revolution  (for  a  double  thread)  without  dis- 
turbing the  position  of  the  lead-screw  or  carriage,  which  brings  the 
tool  midway  between  the  grooves  of  the  single  thread  as  indicated  by 


Vtg.  97.    Bnd  of  Square  Thread  Tool,  and  Oraphio  Method  of 
Determining  Helix  Angle  of  Thread 

dotted  lines.  The  second  groove  is  then  cut,  producing  a  double 
thread  as  shown  at  B.  In  the  case  of  a  triple  thread,  the  work  would 
be  indexed  one-third  of  a  revolution  after  turning  the  first  groove, 
and  then  another  third  revolution  to  locate  the  tool  for  cutting  the 
last  groove.  Similarly,  for  a  quadruple  thread,  it  would  be  turned 
one-quarter  revolution  after  cutting  each  successive  groove  or  thread. 
There  are  different  methods  of  indexing  work  when  cutting  multiple 
threads.  Some  machinists,  when  cutting  a  double  thread,  simply 
remove  the  work  from  the  lathe  and  turn  it  one-half  a  revolution 
by  placing  the  tail  of  the  driving  dog  in  the  opposite  slot  of  the 
faceplate.  This  is  a  very  simple  method,  but  if  the  slots  are  not 
directly  opposite  or  180  degrees  apart,  the  last  thread  will  not  be 
central  with  the  first.  Another  and  better  method  is  to  disengage  the 
idler  gear  from  the  gear  on  the  stud,  turn  the  spindle  and  work 
one-half,  or  one-third,  of  a  revolution,  as  the  case  might  be,  and  then 
connect  the  gears.  For  example,  if  the  stud  gear  had  96  teeth,  the 
tooth   meshing   with    the    idler    gear    would    be    marked   with    chalk. 
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the  gears  disengaged,  and  the  spindle  turned  until  the  chalked  tooth 
had  made  the  required  part  of  a  revolution,  which  could  he  determined 
by  counting  the  teeth.  When  this  method  is  used,  the  number  of  teeth 
in  the  stud  gear  must  be  evenly  divisible  by  two  if  a  double  thread 
is  being  cut,  or  by  three  for  a  triple  thread.  If  the  stud  is  not  geared  to 
the  spindle  so  that  each  makes  the  same  number  of  revolutions,  the  ratio 
of  the  gearing  must  be  considered. 

Special  faceplates  are  sometimes  used  for  multiple  thread  cutting, 
that  enable  work  to  be  easily  and  accurately  indexed.  One  of  these 
is  illustrated  in  Fig.  29,  and  consists  of  two  parts  A  and  B,  part  A 
being  free  to  rotate  in  relation  to  B  when  bolts  C  are  loosened.  The 
driving   pin   for   the   lathe  dog  is   attached   to   plate   A.     When   one 


Flff.  98.   Views  flluatratlnff  bow  ft  Doable  Bqaftre  Thread  to  Out 

groove  of  a  multiple  thread  is  finished,  bolts  C  are  loosened  and  plate 
A  is  turned  around  an  amount  corresponding  to  the  type  of  thread 
being  cut.  The  periphery  of  plate  A  is  graduated  in  degrees,  as 
shown,  and  for  a  double  thread  it  will  be  turned  one-half  revolution 
or  180  degrees,  for  a  triple  thread  120  degrees,  etc.  This  is  a  very 
good  arrangement  where  multiple  thread  cutting  is  done  frequently. 

Taper  Threading 

When  a  taper  thread  is  to  be  cut,  the  tool  should  be  set  square 
with  axis  a — a  as  at  A,  Fig.  30,  and  not  by  the  tapering  surface  as 
•at  B.  If  there  is  a  cylindrical  part,  the  tool  can  be  set  as  indicated 
by  the  dotted  lines.  All  taper  threads  should  be  cut  by  the  use 
of  taper  attachments.  If  the  tailstock  is  set  over  to  get  the  required 
taper,  the  curve  of  the  thread  will  not  be  true,  or  in  other  words  the 
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thread   will  not  advance  at   a   uniform   rate;    this   is   referred   to   by 
machinists  as  a  "drunken  thread." 

Internal  Threading1 

Internal   threading,   or   cutting   threads   in   holes,    is    an   operation 

performed  on  work  held  in  the  chuck  or  on  a  faceplate,  as  for  boring. 

The  tool  used  is  similar  to  a  boring  tool  except  that  the  working  end 

is  shaped  to  conform  to  the  thread  to  be  cut.    An  internal  threading 


Tiff.  SO.    Indexing  Faoeplete  used  for  Multiple  Thread  Cutting 


tool  for  cutting  a  V-thread  is  shown  in  Fig.  31.  The  method  of  pro- 
cedure, when  cutting  an  internal  thread,  is  similar  to  that  for  outside 
work,  as  far  as  handling  the  lathe  is  concerned.  The  hole  to  be 
threaded  is  first  bored  to  the  root  diameter  of  the  thread  that  is 
to  fit  into  it.  The  tool-point  is  then  set  square  by  holding  a  gage  G 
against  the  true  side  of  the  work  and  adjusting  the  point  to  fit  the 
notch  in  the  gage  as  shown.    Very  often  the  size  of  a  threaded  hole 
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Fig.  80.    Correct  and  Incorrect  Positions  of  Tool  for  Taper  Thread  Cutting 

can  be  tested  by  using  as  a  gage  the  threaded  part  that  is  to  fit 
into  it.  When  making  such  a  test,  the  tool  is,  of  course,  moved  back 
out  of  the  way.  It  is  rather  difficult  to  cut  an  accurate  thread  in  a 
small  hole,  especially  when  quite  deep,  owing  to  the  flexibility  of  the 
tool;  for  this  reason  threads  are  sometimes  cut  slightly  under  size 
with  the  tool,  after  which  a  tap  with  its  shank  end  held  straight  by 
the  tailstock  center,  is  run  through  the  hole.  In  such  a  case,  the  tap 
should  be  calipered  and  the  thread  made  just  small  enough  with  the 
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tool  to  give  the  tap  a  light  cut.  Small  square-threaded  holes  are 
often  finished  in  this  way,  and  if  a  number  of  pieces  are  to  be  threaded, 
the  use  of  a  tap  makes  the  holes  uniform  in  size. 

Stop  for  Thread  Tools 

When  cutting  a  thread,  it  is  rather  difficult  to  feed  in  the  tool  just 
the  right  amount  for  each  successive  cut,  because  the  tool  is  moved 
in  before  it  feeds  up  to  the  work.  A  stop  is  sometimes  used  for 
threading  which  overcomes  this  difficulty.  This  stop  consists  of  a  screw 
which  enters  the  tool  slide  and  passes  through  a  block  clamped  in 
front  of  the  slide.  The  hole  in  the  block  through  which  the  stop-screw 
passes  is  not  threaded,  but  is  large  enough  to  permit  the  screw  to  move 
freely.    When  cutting  a  thread,  the  tool  is  set  for  the  first  cut  and  the 
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Fig.  81.    Isolde  Thread  Tool—Method  of  Setting  and  Using 

screw  is  adjusted  until  the  head  is  against  the  fixed  block.  After  taking 
the  first  cut,  the  stop-screw  is  backed  out,  say  one-half  revolution,  which 
allows  the  tool  to  be  fed  in  far  enough  for  a  second  cut.  If  this  cut  is 
about  right  for  depth,  the  screw  is  again  turned  about  one-half  revolu- 
tion and  this  is  continued  for  each  successive  cut  until  the  thread  is 
finished.  By  using  a  stop  of  this  kind,  there  is  no  danger  of  feeding 
the  tool  in  too  far  as  is  often  done  when  the  tool  is  set  by  guess.  If 
this  form  of  stop  is  used  for  internal  threading,  the  screw,  instead 
of  passing  through  the  fixed  block,  is  placed  in  the  slide  so  that  the 
end  or  head  will  come  against  the  stop.  This  change  is  made  because 
the  tool  is  fed  outward  when  cutting  an  internal  thread. 

Rivett-Dock  Threading:  Tool 
A  special  form  of  thread  tool,  which  overcomes  a  number  of  disad- 
vantages common  to  an  ordinary   single-point  thread   tool,   is   shown 
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in  Fig.  32.  This  tool  has  a  circular-shaped  cutter  C,  having  ten  teeth 
around  its  circumference,  which,  beginning  with  tooth  No.  1,  gradually 
increase  in  height,  cutter  No.  2  being  higher  than  No.  1,  etc.  This 
cutter  is  mounted  on  a  slide  S,  that  is  fitted  to  the  frame  F,  and  can 
be  moved  in  or  out  by  lever  L.  The  hub  of  this  lever  has  an  eccentric 
stud  which  moves  slide  8  and  locks  it  when  in  the  forward  or  cutting 
position.  The  action  .of  the  lever  in  moving  the  slide,  engages  the 
cutter  with  pawl  P,  thus  rotating  the  cutter  one  tooth  at  a  time  and 
presenting  a  different  tooth  to  the  work  for  each  movement  of  the 
lever.  When  the  slide  is  moved  forward,  the  heel  or  underside  of  the 
tooth  which  is  in  the  working  position,  rests  on  a  stop  that  takes 
the  thrust  of  the  cut.  When  the  tool  is  in  use,  it  is  mounted  on  the 
tool-block  of  the  lathe  as  shown  in  the  illustration.     The  cutter  is 


*lg .  82.    Rivett-Dook  Circular  Threading  Tool  In  Working  Position 

set  for  height  by  placing  a  tooth  in  the  working  position  and  setting 
the  top  level  with  the  lathe  center.  The  cutter  is  also  set  square 
with  the  work  by  t  using  an  ordinary  square,  and  it  is 
tilted  slightly  from  the  vertical  to  correspond  with  the  angle 
of  the  thread  to  be  cut,  by  adjusting  frame  F.  At  first  a  light  cut 
is  taken  with  lever  L  moved  forward  and  tooth  No.  1  on  the  stop. 
After  this  is  completed,  the  lever  is  reversed  which  rotates  the  cutter 
one  tooth,  and  the  return  movement  places  tooth  No.  2  in  the  working 
position.  This  operation  is  repeated  until  the  tenth  tooth  finishes  the 
thread.  It  is  often  necessary,  when  using  a  single-point  thread  tool, 
to  re-sharpen  it  before  taking  the  finishing  cut,  but  with  a  circular 
tool  this  is  not  necessary  for  by  using  the  different  teeth  successively, 
the  last  tooth,  which  only  takes  finishing  cuts,  is  kept  in  good  condi- 
tion. This  tool  has  a  micrometer  adjustment  which  enables  threads 
to  be  cut  to  the  same  size  without  the  use  of  a  gage. 


Digitized  by 


Google 


CHAPTER  V 


TOOL  GRINDING 

In  the  grinding  of  lathe  tools,  there  are  three  things  of  importance 
to  be  considered:  First,  the  cutting  edge  of  the  tool  (as  viewed  from 
the  top)  needs  to  he  given  a  certain  shape;  second,  there  must  be  a 
sufficient  amount  of  clearance;  and  third,  tools,  with  certain  excep- 
tions, are  ground  with  a  backward  slope  or  a  side  slope,  or  with  a 
combination  of  these  two  slopes  on  that  part  against  which  the  chip 
bears  when  the  tool  is  in  use. 

Meaning1  of  Terms  Used  In  Tool  Grinding 
In  Fig.   33  a  few  of  the  different  types  of  tools  which  are  used 
in    connection   with   lathe   work   are    shown.     This    illustration    also 
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m  applied  to  Tools  of  Different  Type* 

indicates  the  meaning  of  the  various  terms  used  in  tool  grinding. 
As  shown,  the  clearance  of  the  tool  is  represented  by  the  angle  a,  the 
back  slope  is  represented  by  the  angle  /3,  and  the  side  slope  by  the 
angle  7.  The  angle  5  for  a  tool  without  side  slope,  is  known  as  the 
lip  angle  or  the  angle  of  keenness.  When,  however,  the  tool  has  both 
back  and  side  slopes,  this  lip  angle  would  more  properly  be  the 
angle  between  the  fiank  /  and  the  top  of  the  tool,  measured  diagonally 
along  a  line  z — z.  It  will  be  seen  that  the  lines  A — B  and  A — C  from 
which  the  angles  of  clearance  and  back  slope  are  measured,  are 
parallel  with  the  top  and  sides  of  the  tool  shank,  respectively.  For 
lathe  tools,  however,  these  lines  are  not  necessarily  located   in   this 
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way  when  the  tool  is  in  use,  as  the  height  of  the  tool  point  with 
relation  to  the  work  center  determines  the  position  of  these  lines 
so  that  the  effective  angles  of  back  slope,  clearance  and,  keenness 
are  changed  as  the  tool  point  is  lowered  or  raised.  The  way  the 
position  of  the  tool  effects  these  angles  will  be  explained  later. 

While  tools  must,  of  necessity,  be  varied  considerably  in  shape  to 
adapt  them  to  various  purposes,  there  are  certain  underlying  principles 
governing  their  shape  which  apply  generally;  so  in  wnat  follows  we 
shall  not  attempt  to  explain  in  detail  just  what  the  form  of  each 
tool  used  on  the  lathe  should  be,  as  it  is  more  important  to  understand 
how  the  cutting  action  of  the  tool  and  its  efficiency  is  affected  when 
it  is  improperly  ground.  When  the  principle  is  understood,  the 
grinding  of  tools  of  various  types  and  shapes  is  comparatively  easy. 

Shape  or  Contour  of  Cutting1  Edge 

In  the  first  place  we  shall  consider  the  shape  or  contour  of  the 
cutting  edge  of  the  tool  as  viewed  from  the  top,  and  then  take  up  the 


Fl*.  84.   Flan  View  of  Lathe  Toning  end  Threading  Toole 

question  of  clearance  and  slope,  the  different  elements  being  consid- 
ered separately  to  avoid  confusion. 

The  contour  of  the  cutting  edge  depends  primarily  upon  the  pur- 
pose for  which  the  tool  is  intended.  For  example,  the  tool  A.  in  Fig. 
34,  where  a  plan  view  of  a  number  of  different  lathe  tools  is  shown, 
has  a  very  different  shape  from  that  of,  say,  tool  D,  as  the  first  tool 
is  used  for  rough  turning,  while  tool  D  is  intended  for  cutting  grooves 
or  severing  a  turned  part..  Similarly,  tool  E  is  V-shaped  because  it 
is  used  for  cutting  V-threads.  Tools  A,  B  and  C,  however,  are  regular 
turning  tools,  that  is,  they  are  all  Intended  for  turning  plain  cylin- 
drical surfaces,  but  the  contour  of  the  cutting  edges  varies  consider- 
ably, as  shown.  In  this  case  it  is  the  characteristics  of  the  work  and 
the  cut  that  are  the  factors  which  determine  the  shape.  To  illustrate, 
tool  A  is  of  a  shape  suitable  for  rough  turning  large  and  rigid  work, 
while  tool  B  is  adapted  for  smaller  and  more  flexible  parts.  The  first 
tool  is  well  shaped  for  roughing  because  experiments  have  shown  that 
a  cutting  edge  of  a  large  radius  is  ^capable  of  higher  cutting  speed 
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than  could  be  used  with  a  tool  like  B,  which  has  a  smaller  point. 
This  increase  in  the  cutting  speed  is  due  to  the  fact  that  the  tool  A 
removes  a  thinner  chip  for  a  given  feed  than  tool  B.  Therefore,  the 
speed  may  be  increased  without  injuring  the  cutting  edge  to  the  same 
extent.  If,  however,  tool  A  were  to  be  used  for  turning  a  long  and 
flexible  part,  chattering  would  result  Consequently,  a  tool  B  having 
a  point  with  a  smaller  radius  would  be  preferable,  if  not  absolutely 
necessary.  The  character  of  the  work  also  affects  the  shape  of  tools. 
The  tool  shown  at  C  is  used  for  taking  light  finishing  cuts  with  a 
wide  feed.  Obviously,  if  the  straight  or  flat  part  of  the  cutting  edge 
is  in  line  with  the  travel  of  the  tool,  the  cut  will  be  smooth  and 
free  from  ridges,  even  though  the  feed  is  coarse,  and  by  using  a 
coarse  feed  the  cut  is  taken  in  less  time;  but  such  a  tool  cannot  be 
used  on  work  that  is  not  rigid,  as  chattering  would  result.  Therefore, 
a  smaller  cutting  point  and  a  reduced  feed  would  have  to  be  employed. 
Tools  with  broad  flat  cutting  edges  and  coarse  feeds  are  often  used  for 
taking  finishing  cuts  in  cast  iron,  as  this  metal  offers  less  resistance 
to  cutting  than  steel,  and  is  less  conducive  to  chattering. 

The  shape  of  a  tool  (as  viewed  from  the  top)  which  is  intended 
for  a  more  specific  purpose  than  regular  turning,  can  be  largely  deter- 
mined by  simply  considering  the  tool  under  working  conditions.  This 
point  may  be  illustrated  by  the  parting  tool  D  which,  as  previously 
stated,  is  used  for  cutting  grooves,  squaring  corners,  etc.  Evidently 
this  tool  should  be  widest  at  the  cutting  edge;  that  is,  the  sides  d 
should  have  a  slight  amount  of  clearance  so  that  they  will  not  bind  as 
the  tool  is  fed  into  a  groove.  As  the  tool  at  E  is  for  cutting  a  V- 
thread,  the  angle  a  between  its  cutting  edges  must  equal  the  angle 
between  the  sides  of  a  V-thread,  or  60  degrees.  The  tool  illustrated 
at  F  is  for  cutting  inside  square  threads.  In  this  case  the  width  w 
should  be  made  equal  to  one-half  the  pitch  of  the  thread,  and  the  sides 
should  be  given  a  slight  amount  of  side  clearance,  the  same  as  with 
the  parting  tool  D.  So  we  see  that  the  outline  of  the  tool,  as  viewed 
from  the  top,  must  conform  to  and  be  governed  by  its  use. 

Direction  of  Top  Slope  for  Turning1  Tools 
Aside  from  the  question  of  the  shape  of  the  cutting  edge  as  viewed 
from  the  top,  there  remains  to  be  determined  the  amount  of  clearance 
that  the  tool  shall  have,  and  also  the  slope  (and  its  direction)  of 
the  top  of  the  tool.  By  the  top  is  meant  that  surface  against  which 
the  chip  bears  while  it  is  being  severed.  It  may  be  stated,  in  a 
general  way,  that  the  direction  in  which  the  top  of  the  tool  should 
slope  should  be  away  from  what  is  to  be  the  toorking  part  of  the 
cutting  edge.  For  example,  the  working  edge  of  a  roughing  tool  A 
(Fig.  34),  which  is  used  for  heavy  cuts,  would  be,  practically  speaking, 
between  points  o  and  &,  or  in  other  words,  most  of  the  work  would 
be  done  by  this  part  of  the  cutting  edge;  therefore  the  top  should 
slope  back  from  this  part  of  the  edge.  Obviously,  a  tool  ground  In  this 
way  will  have  both  a  back  and  a  side  slope.  When  most  of  the  work 
is  done  on  the  point  or  nose  of  the  tool,  as  for  example,  with  the 
lathe  finishing  tool  C  which  takes  light  cuts,  the  slope  should  be 
back  from  the  point  or  cutting  edge  a-b.     As  the  -side  tool  shown  In 
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Fig.  33  does  its  cutting  along  the  edge  a-h,  the  top  is  given  a  slope 
back  from  this  edge  as  shown  in  the  end  view.  This  point  should  be 
remembered,  for  when  the  top  slopes  in  the  right  direction,  less  power 
is  required  for  cutting.  Tools  for  certain  classes  of  work,  such  as  thread 
tools,  or  those  for  turning  brass  or  chilled  iron,  are  ground  flat  on  top, 
that  is,  without  back  or  side  slope. 

Clearance  for  the  Cutting1  Edge 

Now,  in  order  that  the  cutting  edge  may  work  without  interference, 
it  must  have  clearance;  that  is,  the  flank  /  (Fig.  33)  must  be  ground 
to  a  certain  angle  a  so  that  it  will  not  rub  against  the  work  and  make 
the  cutting  edge  ineffective.  This  clearance  should  be  just  enough 
to  permit  the  tool  to  cut  freely.  A  clearance  angle  of  eight  or  ten 
degrees  is  about  right  for  lathe  turning  tools. 

The  back  slope  of  a  tool  is  measured  from  a  line  A-B  which  is 
parallel  to  the  shank,  and  the  clearance  angle,  from  a  line  A-C  at 
right  angles  to  line  A-B.  These  lines  do  not,  however,  always  occupy 
this  position  with  relation  to  the  tool  shank  when  the  tool  is  in  use. 


Figs.  85  and  86.    niustratlons  showing  bow  Bffeotlve  Angles  of  Slope 
and  Clearance  change  ae  Tool  1*  raised  or  lowered 

As  shown  in  Fig.  35,  the  base  line  A-B  for  a  turning  tool  in  use, 
intersects  with  the  point  of  the  tool  and  center  of  the  work,  while  the 
line  A-C  remains  at  right  angles  to  the  first.  It  will  be  seen  then, 
that  by  raising  the  tool,  as  shown  to  the  right  (Fig.  36),  the  effective 
clearance  angle  a  will  be  diminished,  whereas  lowering  it,  as  shown  by 
the  dotted  lines,  will  have  the  opposite  effect. 

A  turning  tool  for  brass  or  other  soft  metai,  particularly  where  con- 
siderable hand  manipulation  is  required,  could  advantageously  have 
a  clearance  of  twelve  or  fourteen  degrees,  as  it  would  then  be  easier 
to  feed  the  tool  into  the  metal;  but,  generally  speaking,  the  clearance 
for  turning  tools  should  be  just  enough  to  permit  them  to  cut  freely. 
Excessive  clearance  weakens  the  cutting  edge  and  may  cause  it  to 
crumble  under  the  pressure  of  the  cut. 

Angle  of  Tool-point  and  Amount  of  Top  Slope 

The  lip  angle  or  the  angle  of  keenness  8  (Fig.  33)  is  another  impor- 
tant consideration  in  connection  with  tool  grinding,  for  it  is  upon  this 
angle  that  the  efficiency  of  the  tool  largely  depends.  By  referring  to 
the  illustration  it  will  be  seen  that  this  angle  is  governed  by  the  clear- 
ance and  the  slope  /9,  and  as  the  clearance  remains  practically  the 
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same,  it  Is  the  slope  which  is  varied  to  meet  different  conditions. 
Now,  the  amount  of  slope  a  tool  should  have  depends  on  the  work  for 
which  it  is  intended.  If,  for  example,  a  turning  tool  is  to  be  used 
for  roughing  medium  or  soft  steel,  it  should  have  a  back  slope  of 
eight  degrees  and  a  side  slope  ranging  from  fourteen  to  twenty  degrees, 
while  a  tool  for  cutting  very  hard  steel  should  have  a  back  slope  of 
five  degrees  and  a  side  slope  of  nine  degrees.  The  reason  for  decreas- 
ing the  slope  and  thus  increasing  the  lip  angle  for  harder  metals  is 
to  give  the  necessary  increased  strength  to  the  cutting  edge  to  prevent 
it  from  crumbling  under  the  pressure  of  the  cut.  The  tool  illustrated 
at  A,  Fig.  37,  is  much  stronger  .than  it  would  be  if  ground  as  shown 
at  £,  as  the  former  is  more  blunt.  If  a  tool  ground  as  at  A,  however, 
were  used  for  cutting  very  soft  steel,  there  would  be  a  greater  chip 
pressure  on  the  top  and,  consequently,  a  greater  resistance  to  cutting, 
than  if  a  keener  tool  had  been  employed;    furthermore  the  cutting 


Fig.  87.  (A)  Blunt  Tool  for  Taming  Hard  Stool.   (B)  Tool-point 
Ground  to  Give  Keenness 

speed  would  have  to  be  lower,  which  is  of  even  greater  importance 
than  the  chip  pressure;  therefore,  the  lip  angle,  as  a  general  rule, 
should  be  as  small  as  possible  without  weakening  the  tool  so  that  it 
cannot  do  the  required  work.  In  order  to  secure  a  strong  and  well- 
supported  cutting  edge,  tools  used  for  turning  very  hard  metal,  such 
as  chilled  rolls,  etc.,  are  ground  with  practically  no  slope  and  with 
very  little  clearance.  Brass  tools,  while  given  considerable  clearance, 
as  previously  stated,  are  ground  flat  on  top  or  without  slope;  this  is 
not  done,  however,  to  give  strength  to  the  cutting  edge,  but  rather  to 
prevent  the  tool  from  gouging  into  the  work,  which  It  is  likely  to  do 
if  the  part  being  turned  is  at  all  flexible  and  the  tool  has  top  slope. 

Experiments  conducted  by  Mr.  F.  W.  Taylor  to  determine  the  most 
efficient  form  for  lathe  roughing  tools,  the  results  of  which  have  already 
been  published  in  Machinery  (January  to  August,  1907,  engineer- 
ing edition),  showed  that  the  nearer  the  lip  angle  approached 
sixty-one  degrees,  the  higher  the  cutting  speed.  This,  however,  does 
not  apply  to  tools  for  turning  cast  iron,  as  the  latter  will  work  more 
efficiently  with  a  lip  angle  of  about  sixty-eight  degrees.  This  is 
because  the  chip  pressure,  when  turning  cast  iron,  comes  closer  to  the 
cutting  edge  which  should,  therefore,  be  more  blunt  to  withstand  the 
abrasive  action  and  heat.  Of  course,  the  foregoing  remarks  concern- 
ing  lip   angles  apply    more   particularly  to   tools   used    for   roughing. 
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The  way  a  turning  tool  is  held  while  the  top  surface  is  being  ground 
is  shown  in  Fig.  38.  By  inclining  the  tool  with  the  wheel  face,  it 
will  be  seen  that  both  the  back  and  side  slopes  may  be  ground  at 
the  same  time.  When  grinding  the  flank  of  the  tool  it  should  be 
held  on  the  tool-rest  of  the  emery  wheel  or  grindstone,  as  shown 
in  Fig.  39.  In  order  to  form  a  curved  cutting  edge,  the  tool  is  turned 
about  the  face  of  the  stone  while  it  is  being  ground.  This  rotary 
movement  can  be  effected  by  supporting  the  inner  end  of  the  tool  with 
cne  hand  while  the  shank  is  moved  to  and  fro  with  the  other. 

Often  a  tool  which  has  been  ground  properly  in  the  first  place,  is 
greatly  mis-shapen  after  it  has  been  sharpened  a  few  times.  This 
is  usually  the  result  of  attempts  on  the  part  of  the  workman  to 
resharpen  it  hurriedly;  for  example,  it  is  easier  to  secure  a  sharp 
edge  on  the  turning  tool  shown  in  Fig.  35,  by  grinding  the  flank  as  indi- 
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Figs.  88  and  89.    Grinding  the  Top  and  Flank  of  a  Turning  Tool 

cated  by  the  dotted  line,  than  by  grinding  the  entire  flank.  The  clear- 
ance is,  however,  reduced  and  the  lip  angle  changed. 

There  is  great  danger  when  grinding  a  tool  of  burning  It  or  drawing 
the  temper  from  the  fine  cutting  edge,  and,  aside  from  the  actual 
shape  of  the  cutting  end,  this  is  the  most  important  point  in  connec- 
tion with  tool  grinding.  If  a  tool  is  pressed  hard  against  an  emery 
or  other  abrasive  wheel,  even  though  the  latter  has  a  copious  supply 
of  water,  the  temper  will  sometimes  be  drawn. 

When  grinding  a  flat  surface,  to  avoid  burning,  the  tool  should  be 
frequently  withdrawn  from  the  stone  so  that  the  cooling  water  (a 
copious  supply  of  which  should  be  provided)  can  have  access  to  the 
surface  being  ground.  A  moderate  pressure  should  also  be  applied, 
as  it  is  better  to  spend  an  extra  minute  or  two  in  grinding,  than  to 
ruin  the  tool  by  burning  it  in  an  attempt  to  sharpen  it  quickly.  Of 
course,  what  has  been  said  about  burning,  applies  more  particularly 
to  carbon  steel,  but  even  self-hardening  steels  are  not  improved  by 
being  overheated  at  the  stone. 

In  some  shops  tools  are  ground  to  the  theoretically  correct  shape  in 
special  machines  instead  of  by  hand.  The  sharpened  tools  are  then 
kept  in  the  tool-room  and  are  given  cut  as  they  are  needed. 
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CHAPTER  VI 


QUICK  CHANGE-GEAR  TYPE  OP  LATHE 


A  type  of  lathe  that  is  much  used  at  the  present  time  is  shown  in 
Fig.  40.  This  is  known  as  the  quick  change-gear  type,  because  it  has 
a  system  of  gearing  which  makes  it  unnecessary  to  remove  the  change 
gears  and  replace  them  with  different  sizes  for  cutting  threads  cf 
various  pitches.  Changes  of  feed  are  also  obtained  by  the  same 
mechanism,  but  the  feeding  movement  is  transmitted  to  the  carriage 
by  the  rod  Rf  whereas  the  screw  8t  is  used  for  screw  cutting.    As  previ- 


Flf.  40.   Lathe  Having  Quick  Change-gear  Meohanlem 

ously  explained  the  idea  of  using  the  screw  exclusively  for  threading 
is  to  prevent  it  from  being  worn  excessively,  as  it  would  be  if  con- 
tinually used  in  place  of  rod  R,  for  feeding  the  carriage  when  turning. 
The  general  construction  of  this  quick  change  gear  mechanism  and 
the  way  the  changes  are  made  for  cutting  threads  of  different  pitch, 
will  be  explained  in  connection  with  Figs.  40,  41  and  42,  which  are 
marked  with  the  same  reference  letters  for  corresponding  parts. 
Referring  to  Fig.   40,   the   movement  is   transmitted   from   gear  s  on 
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the  spindle  stud  through  idler  gear  J,  which  can  be  moved  sidewise 
to  mesh  with  either  of  the  three  gears  a,  b  or  c,  Fig.  41.  This  cone 
of  three  gears  engages  gears  d,  e  and  /,  any  one  of  which  can  be  locked 
with  shaft  T  (Fig.  42)  by  changing  the  position  of  knob  K.  On  shaft 
T  there  is  a  gear  8  which  can  be  moved  along  the  shaft  by  hand  lever 
L  and,  owing  to  the  spline  or  key  t,  both  the  sliding  gear  and  shaft 
rotate  together.  Shaft  T,  carrying  gears  dy  e  and  f  and  the  sliding 
gear  £,  is  mounted  in  a  yoke  Y,  which  can  be  turned  about  shaft  N, 
thus  making  it  possible  to  lower  sliding  gear  8  into  mesh  with  any 
one  of  a  cone  of  eight  gears  C,  Fig.  41.  The  shaft  on  which  the  eight 
gears  are  mounted,  has  at  the  end  a  small  gear  m  meshing  with  gear 
n  on  the  feed-rod,  and  the  latter,  in  turn,  drives  the  lead-screw,  unless 
gear  o  is  shifted  to  the  right  out  of  engagement,  which  is  its  position 
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Fig.  4fl.    Sectional  Vtowi  of  Quick  Ohanffe-g*ar  MeohanlMB 

except  when  cutting  threads.  With  this  mechanism,  eight  changes 
for  different  threads  or  feeds  are  obtained  by  simply  placing  gear  8 
into  mesh  with  the  various  sized  gears  in  cone  C.  As  the  speed  of 
shaft  T  depends  on  which  of  the  three  gears  d,  e  and  /  are  locked  to 
it,  the  eight  changes  are  tripled  by  changing  the  position  of  knob  K, 
making  twenty-four.  Now  by  shifting  idler  gear  /,  three  speed  changes 
may  be  obtained  for  gears  a,  b  and  c,  which  rotate  together,  so  that 
the  twenty-four  changes  are  also  tripled,  giving  a  total  of  seventy-two 
variations  without  removing  any  gears,  and  if  a  different  sized  gear  * 
were  placed  on  the  spindle  stud,  an  entirely  different  range  could  be 
obtained,  but  such  a  change  would  rarely  be  necessary.  As  shown  in 
Fig.  40,  there  are  eight  hardened  steel  buttons  £,  or  one  for  each  gear 
of  the  cone  C,  placed  at  different  heights  in  the  casing.  When  lever 
L  is  shifted  sidewise  to  change  the  position  of  sliding  gear  8,  it  is 
lowered  onto  one  of  these  buttons  (which  enters  a  pocket  on  the 
under  side)  and  in  this  way  gear  8  is  brought  into  proper  mesh  with 
any  gear  of  the  cone  C.  To  shift  lever  L,  the  handle  is  pulled  out- 
ward against  the  tension  of  spring  r  (Fig.  42)  which  disengages  latch 
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Z  and  enables  the  lever  to  be  lifted  clear  of  the  button;  yoke  Y  is  then 
raised  or  lowered,  as  the  case  may  be,  and  lever  L  with  the  sliding  gear 
is  shifted  to  the  required  position. 

The  position  of  lever  L  and  knob  K  for  cutting  threads  of  different 
pitches,  is  shown  by  an  index  plate  or  table  attached  to  the  lathe  arid 
arranged  as  shown  in  Fig.  43.  The  upper  section  o  of  this  table 
shows  the  different  numbers  of  threads  to  the  inch  that  can  be  obtained 
when  idler  gear  I  is  in  the  position  shown  by  the  diagram  A.  Section 
&  gives  the  changes  when  the  idler  gear  is  moved,  as  shown  at  B,  and, 
similarly,   section   c  gives   the   changes   for   position   C  of   the   idler. 

The  horizontal  row  of  figures  from 

/f    "'  ^  1   to    8   below    the  word    "stops", 

represents  the  eight  positions  for 
lever  L  which  has  a  plate  p  (Fig. 
40)  just  beneath  it  with  corre- 
sponding numbers,  and  the  col- 
umn to  the  left  shows  whether 
knob  K  should  be  out,  in  a  central 
position,  or  in.  In  order  to  find 
what  the  position  of  lever  L  and 
knob  K  should  be  for  cutting  any 
given  number  of  threads  to  the 
inch,  find  what  "stop"  number  is 
directly  above  the  number  of 
threads  to  be  cut,  which  will  in- 
dicate the  location  of  lever  L,  and 
also  what  position  should  be  occu- 
pied by  knob  K,  as  shown  in  the 
column  to  the  left.  For  example, 
suppose,  the  lathe  is  to  be  geared 
for  cutting  eight  threads  to  the 
inch.  By  referring  to  section  a  we 
see  that  lever  L  should  be  in  posi- 
tion 4  and  knob  K  in  the  center, 
provided  the  idler  gear  J  were  in 
position  A,  as  it  would  be  ordi- 
narily, because  all  standard  num- 
bers of  threads  per  inch  (U.  S. 
standard)  from  %  inch  up  to  and  including  4  inches  in  diameter,  can 
be  cut  with  the  idler  gear  in  that  position.  »As  another  illustration, 
suppose  we  want  to  cut  twenty-eight  threads  per  inch.  This  is  listed 
in  section  c,  which  shows  that  lever  L  must  be  placed  in  position  3  with 
knob  K  pushed  in  and  the  idler  gear  shifted  to  the  left  as  at  C. 

The  simplicity  of  this  method  as  compared  with  the  time-consuming 
operation  of  removing  and  changing  gears,  is  apparent.  The  diagram 
D  to  the  right,  shows  an  arrangement  of  gearing  for  cutting  nineteen 
threads  per  inch.  A  20-tooth  gear  is  placed  on  the  spindle  stud  (in 
place  of  the  regular  one  having  16  teeth)  and  one  with  95  teeth  on 
the  end  of  the  lead-screw,  thus  driving  the  latter  direct  as  with  ordi- 
nary change  gears. 
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CHAPTER  VII 


MISCELLANEOUS  POINTS   ON  LATHE  WORK 


The  production  of  accurate  lathe  work  depends  partly  on  the  condi- 
tion of  the  lathe  used  and  also  on  the  care  and  judgment  exercised 
by  the  man  operating  it.  Even  though  a  lathe  is  properly  adjusted 
and  in  good  condition  otherwise,  errors  are  often  made  which  are 
due  to  other  causes  which  should  be  carefully  avoided. 

If  the  turning  tool  is  clamped  so  that  the  cutting  end  extends  too 
far  from  the  supporting  block,  the  downward  spring  of  the  tool,  owing 
to  the  thrust  of  the  cut,  sometimes  results  in  spoiled  work,  especially 
when  an  attempt  is  made  to  turn  close  to  the  finished  size  by  taking 
a  heavy  roughing  cut.     Suppose  the  end  of  a  cylindrical  part  is  first 


Fig.  44.    To  avoid  springing,  Overhang  A  of  Tool  should  not  be  too  great 

reduced  for  a  short  distance  by  taking  several  trial  cuts  until  the 
diameter  d,  Fig.  44,  is  slightly  above  the  finished  size  and  the  power 
feed  is  then  engaged.  When  the  tool  begins  to  take  the  full  depth  e 
of  the  cut,  the  point,  which  ordinarily  would  be  set  above  the  center, 
tends  to  spring  downward  into  the  work,  and  if  there  were  consider- 
able springing  action,  the  part  would  probably  be  turned  below  the 
finished  size,  the  increased  reduction  beginning  at  the  point  where 
the  full  cut  started.  This  springing  action,  as  far  as  the  tool  is  con- 
cerned, can  be  practically  eliminated  by  locating  the  tool  so  that  the 
distance  A  between  the  tool-block  and  cutting  end,  or  the  "overhang," 
is  as  short  as  possible.  Even  though  the  tool  has  little  overhang  it 
may  tilt  downward  because  the  tool-slide  is  loose  on  its  ways,  and  for 
this  reason  the  slide  should  have  a  snug  adjustment  that  will  permit 
an  easy  movement  without  unnecessary  play. 

When  roughing  cuts  are  to  be  taken,  the  tool  should  also  be  located 
so  that  any  change  in  its  position  caused  by  the  pressure  of  the  cut, 
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will  not  spoil  the  work.  This  point  is  illustrated  at  A  in  Fig.  45. 
Suppose  the  end  of  a  rod  has  been  reduced  by  taking  a  number  of 
trial  cuts,  until  it  is  1/32  inch  above  the  finished  size.  If  the  power 
feed  is  then  engaged  with  the  tool  clamped  in  an  oblique  position,  as 
shown,  when  the  full  cut  is  encountered  at  c,  the  tool,  unless  very 
tightly  clamped,  may  be  shifted  backward  by  the  lateral  thrust  of 
the  cut,  as  indicated  by  the  dotted  lines.  The  point  will  then  begin 
turning  smaller  than  the  finished  size  and  the  work  will  be  spoiled. 
To  prevent  any  change  of  position,  it  is  good  practice,  especially  when 
roughing,  to  clamp  the  tool  square  with  the  surface  being  turned,  or 
in  other  words,  at  right  angles  to  its  direction  of  movement.  Occa- 
sionally, however,  there  is  a  decided  advantage  in  having  the  tool 
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Flff.  46.   (A)  The  Way  In  which  Tool  is  sometimes  displaced  by  Thrust  of  Oat,  when  set 
at  an  Angle.    (B)  Tool  Bet  for  Finishing  Cylindrical  and  Radial  Surfaces 

set  at  an  angle.  For  example,  if  it  is  held  about  as  shown  at  B,  when 
turning  the  flange  casting  C,  the  surfaces  *  and  8±  can  be  finished  with- 
out changing  the  tool's  position. 

Work  that  is  held  in  a  chuck  is  sometimes  sprung  out  of  shape  by 
the  pressure  of  the  chuck  jaws  so  that  when  the  part  is  bored  or 
turned,  the  finished  surfaces  are  untrue  after  the  jaws  are  released 
and  the  work  has  resumed  its  normal  shape.  This  applies  more  par- 
ticularly to  frail  parts,  such  as  rings,  thin  cylindrical  parts,  etc. 
Occasionally  the  distortion  can  be  prevented  by  so  locating  the  work 
with  relation  to  the  chuck  jaws  that  the  latter  bear  against  a  rigid 
part.  When  the  work  cannot  be  held  tightly  enough  for  the  roughing 
cuts  without  springing  it,  the  jaws  should  be  released  somewhat  before 
taking  the  finishing  cut,  to  permit  the  part  to  spring  back  to  its 
natural  shape. 

Work  that  is  turned  between  centers  is  sometimes  driven  by  a  dog 
which  is  so  short  for  the  faceplate  that  the  bent  driving  end  bears 
against  the  bottom  a  of  the  faceplate  slot,  as  shown  at  A,  Fig.  46. 
If  the  dog  is  nearly  the  right  length,  it  may  allow   the  headstock 
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center  to  enter  the  center  in  the  work  part  way,  with  the  result  that 
the  turned  surface  is  not  true  with  the  centers.  When  a  driving  dog 
of  this  type  is  used,  care  should  he  taken  to  see  that  it  moves  freely 
in  the  faceplate  slot  and  does  not  hind  against  the  bottom.  By  using 
a  straight  dog  (B),  which  is  driven  by  a  pin  b  bolted  to  the  faceplate, 
all  danger  from  this  source  is  eliminated.  The  straight  dog,  however, 
is  used  more  particularly  to  do  away  with  the  leverage  I  of  a  bent  dog, 
as  this  leverage  tends  to  spring  the  part  being  turned.  Straight  dogs 
are  also  made  with  two  driving  ends  which  engage  pins  on  opposite 
sides  of  the  faceplate.  This  type  is  preferable  because  it  applies  the 
power  required  for  turning,  evenly  to  the  work,  which  still  further 
reduces  the  tendency  to  spring  it  out  of  shape.    The  principal  objec- 
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Fig;.  40.   (A)  Dog  that  la  too  Short  for  Faoaplata.    (B)  Straight  Driving;  Dos; 

tion  to  the  double-ended  type  lies  in  the  difficulty  of  adjusting  the 
driving  pins  so  that  each  bears  with  equal  pressure  against  the  dog. 

The  lathe  centers  should  receive  careful  attention  especially  when 
accurate  work  must  be  turned.  If  the  headstock  center  does  not  run 
true  as  it  revolves  with  the  work,  a  round  surface  may  be  turned,  but 
if  the  position  of  the  driving  dog  with  reference  to  the  faceplate  is 
changed,  the  turned  surface  will  not  run  true  because  the  turned  sur- 
face is  not  true  with  the  work  centers.  Furthermore,  if  it  is  necessary 
to  reverse  the  work  for  finishing  the  dogged  or  driving  end,  the  last 
part  turned  will  be  eccentric  to  the  first.  Therefore,  the  lathe  centers 
should  be  kept  true  in  order  to  produce  turned  surfaces  that  are  true 
or  concentric  with  the  centered  ends,  as  it  is  often  necessary  to  change 
the  part  being  turned  "end  for  end"  for  finishing,  and  any  eccentricity 
between  the  different  surfaces  would,  in  many  cases,  spoil  the  work. 

Some  lathes  are  equipped  with  hardened  centers  in  both  the  head- 
and  tail-stock  and  others  have  only  one  hardened  center  which  is  in 
the  tailstock.  The  object  in  having  a  soft  or  unhardened  headstock 
center  is  to  permit  its  being  trued  by  turning,  but  as  a  soft  center 
is  quite  easily  bruised  and  requires  truing  oftener  than  one  that  is 
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hard,  it  is  better  to  have  both  centers  hardened.  Special  grinders  are 
used  for  truing  these  hardened  centers.  One  type  that  is  very  simple 
and  easily  applied  to  a  lathe  is  shown  in  Fig.  47.  This  grinder  is  held 
in  the  lathe  toolpost  and  is  driven  by  a  wheel  A  that  is  held  in 
contact  with  the  cone-pulley.  The  emery  wheel  B  is  moved  to  a  posi- 
tion for  grinding  by  adjusting  the  carriage  and  cross-slide,  and  it  is 
traversed  across  the  conical  surface  of  the  center  by  handle  C.  As 
the  grinding  proceeds,  the  wheel  is  fed  inward  slightly  by  manipulat- 
ing the  cross-slide.  This  grinder  is  set  to  the  proper  angle  by  placing 
the  two  centered  ends  D  and  Dx  between  the  lathe  centers,  which 
should  be  aligned  as  for-  straight  turning.  The  grinding  spindle  will 
then  be  30  degrees  from  the  axis  of  the  lathe  spindle.  The  grinder 
should  be  carefully  clamped  in  the  toolpost  so  that  it  will  remain 


Fig.  47.    Lathe  Center  Grinder 

as  located  by  the  centered  ends.  The  tailstock  center  is  next  with- 
drawn and  the  emery  wheel  is  adjusted  for  grinding.  As  the  wheel 
spindle  is  30  degrees  from  the  axis  of  the  lathe  spindle,  the  lathe 
center  is  not  only  ground  true  but  to  an  angle  of  60  degrees, '  which 
is  the  standard  angle  for  lathe  centers.  There  are  many  other  styles 
of  center  grinders  on  the  market,  some  of  which  are  driven  by  a  small 
belt  from  the  cone-pulley  and  others  by  electric  motors  which  are  con- 
nected with  ordinary  lighting  circuits.  The  tailstock  center  is  ground 
by  inserting  it  in  the  spindle  in  place  of  the  headstock  center.  Before 
a  center  is  replaced  in  its  spindle,  the  hole  should  be  perfectly  clean 
as  even  a  small  particle  of  dirt  may  seriously  affect  the  alignment. 

When  a  rod  or  shaft  must  be  turned  cylindrical  or  to  the  same 
diameter  throughout  its  entire  length,  it  is  good  practice  to  test  the 
alignment  of  the  centers,  before  inserting  the  work.    The  position  of 
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the  tailstock  center  for  cylindrical  turning  may  be  indicated  by  the 
coincidence  of  graduation  marks  on  the  base,  but  if  accuracy  is  neces- 
sary, the  relative  position  of  the  two  centers  should  be  determined 
in  a  more  positive  way.  A  very  simple  and  convenient  method  of 
testing  the  alignment  is  shown  at  A  in  Fig.  48.  The  work  is  first 
turned  for  a  short  distance,  near  the  dogged  end,  as  shown,  and  the 
tool  is  left  as  set  for  this  cut;  then  the  tailstock  center  is  withdrawn 
and  the  work  is  moved  sufficiently  to  permit  running  the  tool  back 
to  the  tailstock  end  without  changing  its  original  setting.  A  short  cut 
is  then  taken  at  this  end  and  the  diameters  d  and  dt  are  carefully 
compared.     In  case  there  is  any    variation,   the  tailstock  center   is 
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Tig,  48.    Two  Methods  of  Aliening1  Centers  lor  Cylindrical  Turning 

adjusted  laterally,  other  trial  cuts  are  taken,  and  the  test  repeated. 

Another  method  is  illustrated  at  B,  which  requires  the  use  of  a  test- 
bar  t.  This  bar  should  have  accurately  made  centers  and  the  ends 
finished  to  exactly  the  same  diameter.  The  lathe  centers  are 
aligned  by  placing  the  bar  between  them  and  then  testing  the  posi- 
tion of  the  ends.  This  can  be  done  by  comparing  each  end  with  a 
tool  held  in  the  toolpost  and  moved  from  one  to  the  other  by  shifting 
the  carriage,  but  a  better  method  is  to  clamp  a  test  indicator  i  in 
the  toolpost  and  bring  it  In  contact  with  first  one  end  of  the  bar 
and  then  the  other.  If  the  dial  does  not  register  the  same  at  each 
end,  it  shows  that  the  lathe  centers  are  not  in  line. 

Even  when  centers  are  correctly  set,  lathes  that  have  been  In  use 
a  long  time  do  not  always  turn  cylindrical  or  straight  because  if  the 
ways  that  guide  the  carriage  are  worn  unevenly,  the  tool  as  it  iT»oves 
along  does  not  remain  in  the  same  plane  and  this  causes  a  variation 
in  the  diameter  of  the  part  being  turned. 


Digitized  by 


Google 


Ho.  4ft.  Drop  Forging.—  Lay -out  of  Plant;  Meth- 
ods of  Drop   Forging;   Dies. 

Ho.  46.  Hardening  and  Tempering.— Hardening 
Plants;  Treating  Highspeed  Steel;  Hardening 
Gages. 

Mo.  47.  Electric  Overhead  Cranes.— Design  and 
Calculation. 

Ho.  4S.  Files  and  Filing.— Types  of  Files;  Using 
and  Making  Files. 

Ho.  49.     Girders  for  Eleotrio  Overhead  Cranes. 

Ho.  50.  Principles  and  Practice  of  Assembling 
Machine  Tools,   Part  I. 

Ho.  SI.  Principles  and  Praotioe  of  Assembling 
Machine  Tools,  Part  II. 


Ho.     08. 


Ho.    68. 
Tables. 


Advaaoed    Shop    Arithmetic    for    the 
Use   of  Logarithms   and    Logarithmio 


Ho.  64.    Solution  of  Triangles,  Part  I.— Methods, 
Itulea  and  Examples. 

Ho.  66.    Solution  of  Triangles,  Part  II.— Tables 
of  Natural  Functions. 


Ho.      66.    Ball  Bearings.- 
and  Construction. 


-Principles  of  Design 


Ho.   67.    Metal  Spinning.— Machines,   Tools  and 
Methods  Used. 

Ho.  68.    Helical  and  Elliptic  Springs.— Calcula- 
tion and  Design. 

Ho.  68.    Machines,  Tools  and  Methods  of  Auto- 
mobile  Manufacture. 

Ho.  80. 
mobiles. 


Construction  and  Manufacture  of  Auto- 


Mo.  61.  Blacksmith  Shop  Praotioe. — Model 
Blacksmith  Shop:  Welding;  Forging  of  Hooks  and 
Chains;  Miscellaneous. 


Ho.    88. 

Metals. 


Hardness    and   Durability    Testing    of 


Ho.  68.  Heat  Treatment  of  Steel. — Hardening, 
Tempering,  Case.Hardenlng. 

Ho.  64.    Gage  Making  and  Lapping. 

Ho.  66.  Formulas  and  Constants  for  Oas  Engine 
Design. 

Ho.  66.  Heating  and  Ventilation  of  Shops  and 
Offices. 

He.  67.  Boilers. 

Ho.  68.  Boiler  Furnaces  and  Chimneys. 

Ho.  68.  Feed  Water  Appliances. 

No.  70.  Steam  Engines. 

He.  71.  Steam  Turbines. 

Ho.  78.  Pumps,  Condensers,  Steam  and  Water 
Piping. 

Ho.  78.  Principles  and  Applications  of  Elec- 
tricity.—MUtic  Electricity;  Electrical  Measure, 
m in ts ;    Batteries. 

Ho.  74  Principles  and  Applications  of  Elec- 
tricity.— Magnetism ;  Electro-MagnetlHin ;  Electro- 
Plating. 

Ho.  76.  Principles  and  Applications  of  Elec- 
tricity.— Dynamos;   Motors;   Electric   Railways. 

Mo.  76.  Principles  and  Applications  of  Elec- 
tricity.—Electric  Ugh  ting. 

Ho.  77.  Principles  and  Applications  of  Eleo- 
tricity.— Teh  graph   and   Telephone. 

Ho.  78.  Principles  and  Applications  of  Elec- 
tricity.— Transmission  of   Power. 


Ho.    79.     Locomotive   Building.— Main    and    Side 
Hods. 

Ho.    80.     Looomotive  Building.— Wheels;    Axles; 
Driving  Boxes. 

Ho.     81.    Locomotive    Building.— Cylinders    and 
Frames. 

Ho.  88.    Locomotive  Building.— Valve  Motion. 

Locomotive     Building. — Boiler     Shop 

Locomotive  Building. — Erecting. 

Mechaaioal    Drawing.  —  Instruments; 
Geometrical  Problems. 

Mechanical  Drawing. — Projection. 

Mechanical  Drawing.— Machine  Details. 

Mechanical  Drawing. — Machine  Details. 

The  Theory  of  Shrinkage  and   Forced 

Ho.  80.    Bailway  Repair  Shop  Praotioe. 

Ho.     91.      Operation     of    Machine     Tools.— The 
Lathe,  Part  I. 

Ho.     88.      Operation 
Lathe,  Part  II. 

Ho.    98.     Operation   of  Machine   Tools.— Planer, 
Shaper,  Blotter. 

Ho.     94.     Operation  of  Machine  Tools.— Drilling 
Machines. 


Ho.     88. 

Practice. 

Ho. 

84. 

Ho.     86. 
Materials; 

Ho. 

86. 

Ho. 

87. 

Ho. 

88. 

Ho. 
Fite. 

89. 

of    Machine     Tools,— The 


Operation    of   Machine   Tools.— Boring 


Ho.    95. 

Machines. 

Ho.  96.  Operation  of  Machine  Tools.— Milling 
Machines,   Part  1. 

Ho.  97.  Operation  of  Machine  Tools.— Milling 
Machines,  Part  II. 

Ho.  98.  Operation  of  Maohine  Tools.— Grinding 
Machines. 

Ho.  99.  Automatic  Screw  Machine  Praotioe.— 
Operation  of  the  Brown  &  Sharpe  Automatic  Screw 
Machine. 

Ho.  100.  Automatio  Screw  Machine  Praotioe— 
Designing  and  Cutting  Cams  for  the  Automatic 
Screw    Machine. 

Ho.  101.  Automatic  Screw  Maohine  Practice.— 
Circular  Forming  and  Cut-off  Tools. 

Ho.  108.    Automatic  Screw  Machine  Practice. 

External  Cutting  Tools. 

Ho.  108.  Automatio  Screw  Maohine  Practice.— 
Internal   Cutting   Tools. 

Ho.  104.  Automatio  Screw  Machine  Praotioe.— 
Threading  Operations. 

Ho.  106.    Automatio  Screw  Maohine  Practice 

Knurling  Operations. 

Ho.  106.    Automatio  Screw  Maohine  Practice 

Cross  Drilling,  Burring  and  Slotting  Operations. 

Ho.  107.    Drop  Forging  Dies  and  Die-Sinking. 

▲  Complete  Treatise  on  Die-sinking  Methods. 

Ho.   108.    Die  Casting  Machines. 

Ho.  108.  Die  Casting — Methods  and  Machines 
1'sed;  the  Making  of  Dies  for  Die  Casting. 

Ho.  110.  The  Extrusion  of  Metals.— Machines 
nnd  Methods  Used  in  a  Little-known  Field  of 
Metal  Working. 

No.  111.    Lathe  Bed  Design. 

No.  119.  Machine  Stops,  Trips  and  Locking  De- 
vices. — Al ho  Ifu-lutit-M  a* venting  Mechanisms  and 
Chtinplug  DevhcN. 

le 


ADBRIOVAL  TITLES  WILL  BE  AVKOUVCES  IK  MAOHUfEKT  FBOM  TIME  TO  Tlia 


MACHINERY'S  REFERENCE  BOOKS 

This  treatise  Is  one  unit  in  a  comprehensive  Series  of  Reference  books  originated 
by  Machinery,  and  including  an  indefinite  number  of  compact  units,  each  covering 
one  subject  thoroughly.  The  whole  series  comprises  a  complete  working  library 
of  mechanical  literature.  The  price  of  each  book  is  25  cents  (one  shilling)  de- 
livered anywhere  in  the  world. 

LIST  OF  REFERENCE  BOOKS 


No.  1.  Worm  Gearing. — Calculating  Dimensions; 
Hobs;  Location  of  Pitch  Circle;  Self -Locking 
Worm  Gearing,   etc. 

No.  8.  Drafting-Boom  Practice. — Systems;  Trac- 
ing, Lettering  and  Mounting. 

No.  8.  Drill  Tigs.— Principles  of  Drill  Jigs;  Jig 
Plates;  Examples  of  Jigs. 

No.  4.  Milling  Fixtures.— Principles  of  Fix. 
tares;   Examples  of  Design. 

No.  6.   First  Principles  of  Theoretical  Mechanic*. 

No.  6.  Punch  and  Die  Work. — Principles  of 
Punch  and  Die  Work;  Making  and  Using  Dies; 
Die  and  Punch  Design. 

No.  7.  Lathe  and  Planer  Tools.— Cutting  Tools; 
Boring  Tools;  Shape  of  Standard  Shop  Tools; 
Forming  Tools. 

No.    8.    Working  Drawings  and  Drafting-Room 


No.  8.  Designing  and  Cutting  Gams. — Drafting 
of  Cams;  Cam  Curves;  Cam  Design  and  Cam 
Cutting. 

No.  10.  Examples  of  Machine  Shop  Fraotloe. — 
Cutting  Bevel  Gears;  Making  a  Worui-Oear; 
Spindle  Construction. 

No.  11.  Bearings. — Design  of  Bearings;  Causes 
of  Hot  Bearing*;  Alloys  for  Bearings;  Friction 
and   Lubrication. 

No.  18.    Out  of  print. 

No.  18.  Blanking  Dies.— Making  Blanking  Dies; 
Blanking  and  Piercing  Dies;  Split  Dies;  Novel 
Ideas  In   Die   Making. 

No.  14.  Details  of  Machine  Tool  Design.— Cone 
Pulleys  and  Belts;  Strength  of  Countershafts; 
Tumbler  Gear  Design;  Faults  of  Iron  Castings. 

No.  15.  Spur  Gearing. — Dimensions;  Design; 
Strength;   Durability. 

No.  16.  Machine  Tool  Drives. — Speeds  and 
Feeds;  Single  Pulley  Drives;  Drives  for  High 
Speed  Cutting  Tools. 

No.  17.  Strength  of  Cylinder!. — Formulas, 
Charts,    and   Diagrams. 

No.  18.  Shop  Arithmetic  for  the  Machinist.— 
Tapers;  Change  Gears;  Cutting  Speeds;  Feeds; 
indexing;  Gearing  for  Cutting  Spirals;  Angles. 

No.  10.  Use  of  Formulas  in  Mechanics. — With 
numerous  applications. 

No.  80.  Spiral  Gearing. — Rules,  Formulas,  and 
Diagrams,   etc. 

No.  8L  Measuring  Tools. — History  of  Standard 
Measurements;  Calipers;  Compasses;  Micrometer 
Tools;  Protractors. 

No.  88.  Calculation  of  Elements  of  Machine  De- 
sign.—Factor  of  Safety;  Strength  of  Bolts;  Rivet- 
ed Joints;  Keys  and  Key  ways;  Toggle-joints. 


No.  88.  Theory  of  Crane  Design. — Jib  Cranes; 
Shafts,  Gears,  and  Bearings;  Force  to  Move  Crane 
Trolleys;  Pillar  Cranes. 

No.  84.  Examples  of  Calculating  Designs. — 
Charts  In  Designing;  Punch  and  Riveter  Frames; 
Shear  Frames;  Billet  and  Bar  Passes,  etc. 

No.  85.  Deep  Hole  Drilling.— Methods  of  Drill 
ing;  Construction  of  Drills. 

No.  86.  Modern  Punch  and  Die  Construction.— 
Construction  and  Use  of  Subpress  Dies;  Modern 
Blanking  Die  Construction;  Drawing  and  Forming 
Dies. 

No.  87.  Locomotive  Design,  Part  I. — Boilers. 
Cylinders,  Pipes  and  Pistons. 

No.  88.  Locomotive  Design,  Part  II. — Stephen- 
son and  Walschaerts  Valve  Motions;  Theory,  Cal- 
culation and   Design. 

No.  88.  Locomotive  Design,  Part  III. — Smoke- 
box;  Exhaust  Pipe;  Frames;  Cross-heads;  Guide 
liars;  Connecting-rods;  Crank-pins;  Axles;  Driving- 
wheels. 

No.  80.     Locomotive  Design,  Part  IV. — Springs. 

Trucks,  Cab  and  Tender. 

No.  81.     Screw  Thread  Tools  and  Oagoa. 

No.  88.  Screw  Thread  Cutting. — Lathe  Change 
Gears;   Thread   Tools;    Kinks. 

No.  83.  Systems  and  Practice  of  the  Drafting- 
Room. 

No.  84.  Care  and  Repair  of  Dynamos  and 
Motors. 

No.  85.  Tables  and  Formulas  for  Shop  and 
Drafting-Room. — The  Use  of  Formulas;  Solution 
of  Triangles;  Strength  of  Materials;  Gearing; 
Screw  Threads;  Tap  Drills;  Drill  Sixes;  Taper*; 
Keys,  etc. 

No.  86.  Iron  and  Steal. — Principles  of  Manu- 
facture and  Treatment. 

No.  87.  Bevel  Gearing. — Rules  and  Formulas; 
Examples  of  Calculation;  Tooth  Outlines;  Strength 
and  Durability;  Design;  Methods  of  Cutting  Teeth. 

No.  88.     Out  of  print.     See  No.  98. 

No.  89.  Fans,  Ventilation  and  Heating. — Fans; 
Heaters;   Shop  Heating. 

No.  40.  Fly- Wheels. — Their  Purpose,  Calcula- 
tion and  Design. 

No.  41.  Jigs  and  Fixtures,  Part  I. — Principles 
of  Deslgu;  Drill  Jig  Bushings;  Locating  Point*; 
Clamping   Devices. 

No.  48.  Jigs  and  Fixtures,  Part  II.— Open  and 
Closed    Drill   Jigs. 

No.    48.    Jiga   and   Fixtures,   Part   III.— Boring 

and   Milling   Fixtures. 

No.  44.    Machine  Blaoksmithing. — Systems,  Tools 

and  Machines  used.  _. 

Digitized  by  VjUUV  IC 

(See  inside  baok  oovar  for  additional  titles) 


MACHINERVS  REFERENCE  SERIES 

EACH    NUMBER  IS    A  UNIT   IN   A  SERIES   ON   ELECTRICAL   AND 

STEAM  ENGINEERING   DRAWING  AND  MACHINE 

DESIGN  AND  SHOP  PRACTICE 


NUMBER  93 

OPERATION  OF 
MACHINE  TOOLS 

By  Franklin  D.  Jones 
Second  Edition 

PLANER— SHAPER-SLOTTER 


CONTENTS 

Construction  and  Operation  of  a  Planer      -        -        .  3 

Examples  of  Planer  Work  and  Adjustment  of  Ma- 
chine       8 

Holding  and  Setting  Work  on  the  Planer      -        -        -  19 

Planer  Tools — Various  Forms  Used  and   Points  on 

Grinding 32 

The  Shaper 38 

The  Slotting  Machine 45 


Copyright,  1912,  The  Industrial  Press,  Publishers  of  Machinery, 
49-55  Lafayette  Street.  New  York  City 

'Digitized  by 


Google 


Digitized  by 


Google 


CHAPTER  I 


CONSTRUCTION  AND  OPERATION  OP  A  PLANER 


The  planer  is  used  principally  for  producing  flat  surfaces.  The  con- 
struction or  design  of  planers  of  different  makes  varies  somewhat,  and 
special  types  are  built  for  doing  certain  kinds  of  work.  There  is, 
however,  what  might  be  called  a  standard  type  which  is  found  in  all 
machine  shops  and  is  adapted  to  general  work.  A  typical  planer  of 
small  size  is  illustrated  in  Fig.  1.  The  principal  parts  are  the  bed  B, 
the  housings  H  which  are  bolted  to  the  bed,  the  table  or  platen  P 
to  which  the  work  is  attached,  the  cross-rail  C,  and  the  toolhead  T 
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Fig.  1.    Flather  Single-head  Planer 

which  is  mounted  on  the  cross-rail.  When  the  planer  is  in  operation, 
the  platen  slides  back  and  forth  on  the  bed  in  V-shaped  grooves  G 
which  cause  it  to  move  in  a  straight  line.  While  this  reciprocating 
movement  takes  place,  the  work,  which  is  clamped  to  the  platen,  is 
planed  by  a  tool  held  in  position  by  clamps  A.  This  tool  remains  sta- 
tionary except  at  the  end  of  each  stroke  of  the  platen,  when  the  tool- 
head  and  tool  feed  slightly  for  a  new  cut.  The  amount  of  feed  for 
each  stroke  can  be  varied  to  suit  the  conditions,  as  will  be  explained 
later.     The  movement  of  the  table  or  of  the  length  of  its  stroke  is 
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governed  by  the  position  of  the  doge  D  and  Dt.  These  dogs  may  toe 
adjusted  along  the  groove  shown  and  they  serve  to  reverse  the  table 
movement  by  engaging  tappet  I.  Before  explaining  just  how  the  move- 
ment of  tappet  /  controls  the  point  of  reversal,  the  arrangement  of 
the  driving  mechanism,  a  plan  view  of  which  is  shown  in  Fig.  2, 
will  be  explained. 

The  Driving1  and  Reversing  Mechanism 
•  The  shaft  on  which  the  belt  pulleys  /,  A»  and  r,  rt  are  mounted  car- 
ries a  pinion  a  that  meshes  with  a  gear  on  shaft  b.    This  shaft  drives, 
through  the  gears  c  and  d,  a  second  shaft  which  carries  a  pinion  e,  and 
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Fig.  2.    Driving1  Mechanism  of  a  Spur-geared  Planer 

which  meshes  with  a  large  gear  g.  This  large  gear,  which  Is  called 
the  "bull-wheel,"  in  turn  engages  a  rack  attached  to  the  under 
side  of  the  table,  and,  as  the  gear  revolves,  the  table  moves 
along  the  ways  of  the  bed.  There  are  two  pairs  of  driving  pul- 
leys and  also  two  driving  belts  connecting  with  an  overhead  coun- 
tershaft. One  pulley  of  each  set  is  keyed  to  the  shaft  and  the  other  is 
loose  and  revolves  freely.  The  belt  operating  on  the  large  pulleys 
/  and  fx  is  "open"  whereas  the  belt  for  the  smaller  pulleys  r  and  r,  is 
crossed,  which  gives  a  reverse  motion.  The  position  of  both  belts 
is  controlled  by  guides  J  (one  of  which  is  seen  in  Fig.  1)  which  are 
operated  by  tappet  /.  Now  when  the  open  belt  is  running  on  the  tight 
pulley  /,  the  reverse  belt  is  on  the  loose  pulley  r„  and  the  table  moves 
as  shown  by  the  arrow  x,  which  is  in  the  direction  for  the  cutting 
stroke.    When  the  table  is  advanced  far  enough  to  bring  dog  D  (Fig.  1) 
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into  engagement  with  tappet  /,  the  latter  Is  pushed  over,  which  shifts 
the  open  belt  on  loose  pulley  U  and  the  cross  belt  on  the  tight  pulley  r. 
The  pulley  shaft  and  the  entire  train  of  driving  gears  is  then  rotated 
in  the  opposite  direction  by  the  crossed  belt  and  the  table  movement 
is  reversed.  This  is  the  return  stroke,  during  which  the  planing  tool 
glides  back  over  the  work  to  the  starting  point  for  a  new  cut.  To 
change  the  length  of  the  stroke,  it  is  simply  necessary  to  shift  dogs 
D  and  Dx  as  their  position  determines  the  point  of  reversal.  When 
the  workman  desires  to  reverse  the  table  by  hand  or  stop  it  tempo- 
rarily, this  can  be  done  by  operating  hand  lever  K.  It  will  be  noted 
that  there  is  considerable  difference  in  the  diameter  of  the  two  sets 
of  belt  pulleys,  those  for  the  forward  or  cutting  stroke  being  much 
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Flff.  8.    Cincinnati  Four-bead  Planer 

larger  than  those  for  the  return  movement.  As  the  size  of  the  counter- 
shaft pulleys  is  in  the  reverse  order,  the  speed  of  the  table  is  much 
less  when  the  large  pulley  is  driving  than  when  the  cross  belt  is  shifted 
to  the  small  pulley.  The  result  is  that  the  table  is  returned  quickly 
after  the  cutting  stroke  in  order  to  reduce  the  idle  time  that  elapses 
between  the  end  of  one  cut  and  the  beginning  of  the  next. 

The  Feeding  Mechanism 
The  feeding  movement  of  the  tool  takes  place  just  before  the  cutting 
stroke  begins.  If  a  horizontal  surface  is  being  planed,  the  tool  has 
a  crosswise  movement  parallel  to  the  platen,  but  if  the  surface  is  verti- 
cal, the  tool  is  fed  downward  at  right  angles  to  the  platen.  In  the 
first  case,  the  entire  toolhead  T  moves  along  the  cross-rail  C,  but  for 
vertical  planing,  slide  S  moves  downward.  Surfaces  which  are  at 
an  angle  with  the  table  can  also  be  planed  by  loosening  nuts  X  and 
swiveling  slide  8  to  the  required  angle  as  shown  by  graduations  on 
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the  circular  base.  The  horizontal  and  vertical  movements  of  the  tool 
can  be  effected  by  hand  or  automatically.  The  hand  feed  is  used  prin- 
cipally for  adjusting  the  tool  to  the  proper  position  for  starting  a,  cut. 
The  tool  can  be  set  to  the  right  height  by  a  crank  at  the  top  of  the 
tool-head,  and  the  crosswise  position  of  the  tool  and  head  can  be  varied 
by  turning  horizontal  feed-screw  E.  This  screw  is  turned  for  a  hand 
adjustment  by  placing  a  crank  on  the  squared  outer  end.  The  auto- 
matic feeding  movement  is  derived  from  a  feed  disk  F,  which  turns 
part  of  a  revolution  at  each  end  of  the  stroke  and  is  connected  to  a 

rack  R.  This  rack  slides  up  and 
down  with  each  movement  of  the 
crank  and  imparts  its  motion  to 
gear  M  by  means  of  an  inner 
pinion  which  it  engages.  Gear 
M,  in  turn,  meshes  with  a  gear  O 
placed  on  the  feed-screw.  The 
feeding  movement  is  engaged, 
disengaged  or  reversed  by  a  pawl 
attached  to  gear  M  (on  this  par- 
ticular planer)  and  the  amount 
of  feed  per  stroke  is  varied  by 
adjusting  the  crankpin  of  the 
disk  F,  to  or  from  the  center. 
The  vertical  feed  is  operated  by 
a  splined  shaft  L  which  .  trans- 
mits its  motion  to  the  toolhead 
pi*.  4.  Friction  Feed  Disk  feed-screw  through  gearing.  This 

shaft  is  also  driven  by  gear  O  which  is  removable  and  Is  placed  on  it 
when  an  automatic  vertical  feed  is  desired. 

The  friction  disk  F  is  turned  by  pinion  shaft  c  (Fig.  2),  of  the  driv- 
ing mechanism.  The  number  of  revolutions  made  by  this  pinion  shaft 
for  each  stroke  depends,  of  course,  on  the  length  of  the  stroke,  but 
the  feed  disk  is  so  arranged  that  it  only  rotates  part  of  a  revolution  at 
each  end  of  the  stroke,  so  that  the  feeding  movement  is  not  governed 
by  the  length  of  the  stroke.  In  other  words  the  feed  disk  is  disengaged 
from  the  driving  shaft  after  being  turned  part  of  a  revolution.  One 
type  of  feed  disk  is  shown  in  the  sectional  view  Fig.  4.  The  cup- 
shaped  part  A  having  an  inner  tapering  surface  is  attached  to  the 
main  pinion  shaft.  Crank-disk  B  has  a  tapering  hub  C  which  fits  into 
part  A  as  shown.  If  the  hub  is  engaged  with  cup  A  when  the  planer 
is  started,  the  crank-disk  is  turned  until  a  tapered  projection  D  strikes 
a  stationary  taper  boss  on  the  bed  which  disengages  hub  C  from  the 
driving  member  by  moving  it  outward  against  the  tension  of  spring  E. 
The  disk  then  stops  turning  and  remains  stationary  until  the  driving 
member  A  reverses  at  the  end  of  the  stroke.  The  hub  then  springs 
back  into  engagement  and  the  disk  turns  in  the  opposite  direction  until 
another  taper  projection  Du  on  the  opposite  side,  strikes  a  second  boss 
on  the  bed  which  again  arrests  the  feeding  movement.  It  will  be  seen 
that  this  simple  mechanism  causes  the  disk  to  oscillate  through  the 
same  arc  whether  the  stroke  is  long  or  short. 
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Double  Head  Planers-Use  of  Side-heads— Two-speed  Planer 
Modern  planers,  with  the  exception  of  comparatively  small  sizes,  are 
ordinarily  equipped  with  two  tool-heads  on  the  cross-rail,  as  shown  in 
Fig.  3,  so  that  two  tools  can  be  used  at  the  same  time.  Some  planers 
also  have  side-heads  &  mounted  on  the  housings  below  the  cross-rail 
for  planing  vertical  surfaces  or  for  doing  other  work  on  the  sides  of 
a  casting.  These  side-heads  have  an  automatic  vertical  feed  and  can 
often  be  used  while  the  other  tools  are  planing  the  top  surface,  the 
method  being  to  start  first  the  regular  tools  (which  usually  have  the 
largest  surfaces  to  pjane)  and  then  the  side-heads.  If  the  planing  on 
the  side  requires  hand  manipulation,  as  when  forming  narrow  grooves, 


Tig.  6.    Flatber  Two-speed  Planer 

etc.,  the  planing  would  be  done  on  first  one  side  and  then  the  other, 
assuming  that  both  sides  required  machining,  but  when  the  surfaces 
are  broad  the  automatic  feed  enables  both  side-heads  to  be  used  at  the 
same  time,  on  some  classes  of  work.  These  side-heads  often  greatly 
reduce  the  time  required  for  planing  and  they  also  make  it  possible  to 
finish  some  parts  at  one  setting,  whereas  the  work  would  have  to  be 
set  up  in  one  or  two  different  positions  if  a  planer  without  side-heads 
were  used. 

The  planer  illustrated  in  Fig.  5  has  two  speeds  for  the  "cutting 
stroke"  of  the  table,  instead  of  a  single  speed.  This  feature  is  very 
desirable  as  it  enables  the  cutting  speed  to  be  varied  in  accordance 
with  the  kind  of  material  to  be  planed  or  the  character  of  the  work. 
The  speed  is  changed  from  fast  to  slow  or  vice  versa  by  operating  lever 
L  which,  through  a  segment  pinion  and  rack  M,  shifts  sliding  gears 
which  are  located  inside  the  bed  and  form  a  part  .of  the  driving  train. 
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EXAMPLES  OP  PLANER  WORK  AND 
ADJUSTMENT  OP  MACHINE 

A  simple  example  of  planing  is  illustrated  in  Fig.  6.  The  work  W 
is  a  base  casting,  the  top  surface  of  which  is  to  be  planed  true.  The 
casting  is  first  fastened  to  the  table  by  bolts  and  clamps  C  and  Cx. 
and  it  is  further  held  from  shifting  by  stop-pins  S.  The  platens  of 
all  planers  are  provided  with  a  number  of  slots  and  holes  for  the 


Fig.  O.    Bide  View  of  Planer  with  Work  In  Position 

reception  of  clamping  bolts  and  stop-pins.  When  the  casting  is  securely 
attached  to  the  platen,  a  planing  tool  T  is  clamped  in  the  toolpost,  and 
cross-rail  R  is  set  a  little  above  the  top  surface  of  the  work.  The  dogs 
D  ana  Dx  are  then  placed  opposite  the  work  and  are  set  far  enough 
apart  to  give  the  platen  and  work  a  stroke  slightly  greater  than  the 
length  of  the  surface  to  be  planed.  The  movement  of  the  work  during 
a  stroke  is  illustrated  in  Fig.  7,  the  full  lines  showing  its  position 
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with  relation  to  the  tool  at  the  beginning  of  the  cutting  stroke,, and 
the  dotted  lines  the  end  of  the  stroke  or  the  point  of  reversal.  The 
dogs  should  be  adjusted  so  that  the  distance  x  is  not  more  than  V/2  to 
2  inches  and  the  tool  should  just  clear  the  work  at  the  other  end. 
If  the  stroke  is  much  longer  than  the  length  of  the  surface  being 
planed,  obviously  more  time  is  required  for  planing  than  when  the 
stroke  is  properly  adjusted. 

Taking  the  Cut 

The  tool  is  moved  over  to  the  work  by  handle  A  and  is  fed  down  to 
the  right  depth  for  a  cut  by  handle  B.  The  planer  is  started  by  shift- 
ing an  overhand  belt  (assuming  that  it  is  belt-  and  not  motor-driven) 
and  the  power  feed  is  engaged  by  throwing  the  feed  pawl  into  mesh. 
On  this  particular  planer,  the  feed  pawl  is  inside  the  gear  and  it  is 
engaged  or  disengaged  by  handle  E.  The  tool  planes  the  surface  of 
the  casting  by   feeding  horizontally   across  it  and   removing  a   chip 
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Fig.  7.    Movement  of  Work  with  Relation  to  Planing*  Tool 

during  each  forward  stroke  of  the  work.  If  there  is  not  much  metal 
to  be  planed  off,  one  roughing  and  one  finishing  cut  would  probably 
be  all  that  is  necessary.  For  the  finishing  cut,  a  broad  tool  having  a 
flat  edge  is  often  used,  especially  for  cast  iron,  as  it  enables  wide  feeds 
to  be  taken,  which  reduces  the  time  required  for  the  finishing  cut.  The 
different  types  of  tools  ordinarily  used  on  a  planer,  are  illustrated  in 
Chapter  IV,  which  also  explains  how  they  are  ground  and  gives  typical 
examples  of  their  use. 

Planing  Work  held  in  a  Chuck 

Another  planing  operation  is  illustrated  in  Fig.  8.  In  this  case,  the 
sides  of  a  cast-iron  block  B  are  to  be  planed  parallel  and  square  to 
each  other.  One  method  of  holding  the  work  would  be  to  grip  it  in 
the  planer  chuck  A.  A  cut  can  then  be  taken  over  the  entire  surface 
of  one  side,  whereas  if  ordinary  clamps  C,  Fig.  6,  were  used,  they 
would  interfere  with  the  movement  of  the  tool.  This  chuck,  an  end 
view  of  which  is  shown  at  A  in  Fig.  9,  has  one  fixed  jaw  J  and  one 
movable  Jaw  Jt  and  the  work  is  clamped  between  the  jaws  by  the 
screws  shown.  The  work  is  "bedded"  by  hammering  it  lightly,  until 
the  sound  indicates  that  it  rests  solidly  on  the  bottom  of  the  chuck. 

After  a  cut  has  been  taken  over  the  upper  side  a  (Fig.  8).  the  cast- 


Digitized  by  V^jOOQLC 


10 


Xo.  93— OPERATION  OF  MACHINE  TOOLS 


ing  Is  turned  to  bring  its  finished  face  against  the  stationary  jaw  / 
as  shown  at  A,  Fig.  9.  A  finished  or  planed  surface  should  always  be 
located  against  the  fixed  or  stationary  jaw  of  the  vise,  because  the 
movable  jaw  is  more  liable  to  be  out  of  alignment.  If  the  fixed  jaw 
is  square  with  the  planer  table,  and  face  a  is  held  flat  against  it,  evi- 
dently face  b,  when  planed,  will  be  at  right  angles  to  face  a.  Unless 
care  is  taken,  however,  the  work  may  be  tilted  slightly  as  the  movable 
jaw  is  set  up,  especially  if  the  latter  bears  against  a  rough  side  of 
the  casting.  The  way  this  occurs  is  indicated  at  B.  Suppose,  for 
example,  that  the  rough  side  c  is  tapering  (as  shown  somewhat  exag- 
gerated) and  the  jaw  Jt  only  touched  the  upper  corner  as  shown.    The 


Fiff.  8.    Planing  Work  held  In  Chuck 

finished  face  will  then  tend  to  move  away  at  x  (sketch  C)  as  jaw  Jx 
is  tightened,  so  that  face  b.  when  planed,  would  not  be  square  with 
the  side  a.  One  method  of  overcoming  this  difficulty  is  to  insert  nar- 
row strips  of  tin  (or  strips  of  paper  when  the  irregularity  is  small) 
in  the  space  s  (sketch  B)  to  give  the  clamping  jaw  a  more  even  bear- 
ing. This  tilting  can  also  be  prevented  by  placing  a  wire  or  cylindrical 
rod  w  along  the  center  of  the  work  as  shown  at  D:  the  pressure  of 
clamping  is  then  concentrated  at  the  center  and  the  opposite  side  is 
held  firmly  against  the  fixed  jaw.  Sometimes  a  special  packing  strip  p, 
having  a  rounded  face,  is  inserted  between  the  jaw  and  the  work  to 
prevent  tilting,  as  at  E.  This  strip  acts  on  the  same  principle  as  the 
wire,  and  it  is  more  convenient  to  use. 

When  the  sides  a  and  b  are  finished  and  the  casting  is  being  set 
for  planing  side  c,  it  is  necessary  not  only  to  have  a  good  bearing 
against  the  fixed  jaw,  but  as  the  sides  are  to  be  parallel,  the  lower 
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side  a  must,  at  this  setting,  bear  evenly  on  the  bottom  of  the  chuck. 
A  simple  method  of  determining  when  work  is  firmly  bedded,  is  as 
follows:  Place  strips  of  thin  paper  beneath  each  end  of  the  work, 
and  after  tightening  the  chuck  and  hammering  the  casting  lightly  to 
.give  it  a  good  bearing,  try  to  withdraw  the  paper  strips.  If  both  are 
held  tightly,  evidently  the  casting  rests  on  the  chuck  and  the  upper 
side  will  be  planed  parallel,  provided  the  chuck  Itself  is  true. 

The  foregoing  method  of  planing  a  block  square  and  parallel,  by 
holding  it  in  a  chuck,  is  not  given  as  one  conducive  to  accuracy,  but 
rather  to  illustrate  some  of  the  points  which  should  be  observed  when 
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Fig.  0.    Planer  Clmclr— Diagrams  showing-  how  Work  is  TUted 
and  Methods  of  Holding  it  Square 

clamping  work  in  a  planer  chuck.  If  considerable  accuracy  were 
required,  the  work  could  be  held  to  better  advantage  by  fastening  it 
directly  to  the  table  with  special  clamps,  as  indicated  in  Fig.  10.  The 
particular  clamps  illustrated  have  round  ends  which  are  inserted  in 
holes  drilled  in  the  work.  Of  course,  such  clamps  can  only  be  used 
when  the  holes  are  not  objectionable.  As  will  be  seen,  these  clamps 
are  not  in  the  way  of  the  planing  tool,  and  the  block  is  held  directly 
against  the  true  surface  of  the  platen. 

This  block  could  be  planed  accurately  as  follows:  A  roughing  cut 
is  first  taken  over  all  the  sides  to  remove  the  hard  outer  surface,  and 
then  one  side  is  finished.  This  finished  surface  is  next  clamped  to  the 
platen,  thus  permitting  the  opi>osite  side  to  be  planed.  These  two  sur- 
faces will  then  be  parallel,  provided  the  planer  itself  is  in  good  condi- 
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tion.  The  finished  sides  are  next  set  at  right  angles  to  the  platen  by 
using  an  accurate  square,  and  the  third  side  is  planed.  The  fourth 
and  last  side  is  then  finished  with  the  third  side  clamped  against 
the  platen.  By  this  method  of  holding  the  work,  it  would  be  easier 
to  secure  accurate  results  than  by  using  a  chuck;  a  chuck,  however, 
is  often  very  convenient,  for  holding  small  parts. 

Planing  Vertical  and  Angular  Surfaces 

When  vertical  surfaces  or  those  which  are  at  right  angles  to  the 
platen  are  to  be  planed,  a  tool  having  a  bent  end  as  shown  at  A  in 
Fig.  11  is  ordinarily  used,  unless  the  planer  has  side-heads,  in  which 
case  a  straight  tool  is  used.  The  tool-block  is  also  set  at  an  angle,  as 
shown,  by  loosening  bolts  E,  which  permit  it  to  be  swiveled  to  the  right 
or  left  from  its  vertical  position.  The  tool-block  is  set  over  in  this 
way  to  prevent  the  tool  from  dragging  over  the  planed  surface  on  the 
return  stroke.    It  should  be  explained  that  the  tool-block  of  a  planer  is 


Flff.  10.    Holding  Block  directly  etfainat  Planer  by  Finger-clampe 

free  to  swing  forward  so  that  the  tool  can  lift  slightly  when 
returning  for  another  cut.  When  a  heavy  cut  is  being  taken,  the 
tool  is  sprung  side  wise  to  some  extent,  as  well  as  backward,  and  if  it 
were  held  rigidly  on  the  return  stroke,  the  cutting  edge  would  drag 
heavily  over  the  work  and  this  would  soon  dull  the  edge.  When  a 
horizontal  surface  is  being  planed,  the  tool  on  its  return  tends  to  lift 
upward  at  right  angles  to  the  surface,  because  the  tool-block  is  then 
set  square  with  the  platen.  If,  however,  the  tool-block  were  left  in 
this  position  for  vertical  planing,  the  tool-point  would  swing  upward 
in  a  plane  y-y,  and  drag  over  the  finished  surface,  but  by  setting  the 
block  in  an  angular  position,  as  shown,  the  tool-point  swings  in  a 
plane  x-x,  or  at  right  angles  to  the  axis  a-a  of  the  pin  on  which 
the  block  swivels.  As  plane  x-x  is  at  an  angle  with  the  surface  of  the 
work,  the  tool-point  moves  away  from  the  finished  surface  as  soon  as 
it  swings  upward.  The  angular  position  of  the  tool-block  does  not,  of 
course,  affect  the  direction  of  the  tool's  movement,  as  this  is  governed 
by  the  position  of  slide  8  which  is  changed  by  swiveling  the  graduated 
base  D. 

A.  vertical  surface  is  planed  by  adjusting  the  saddle  G,  horizontally 
along  the  cross-rail  until  the  tool  is  in  position  for  taking  a  cut.  The 
tool  is  then  fed  down  by  hand,  until  the  cut  is  started,  after  which 
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the  vertical  feed  is  engaged,  thus  causing  slide  8  and  the  tool  to  feed 
downward  a  certain  amount  for  each  stroke,  while  the  saddle  remains 
stationary  on  the  cross-rail.  The  surface  y-y  will  be  planed  square 
with  the  platen,  provided  the  swiveling  base  D  is  set  in  the  proper 
position.  Before  planing  surfaces  that  are  intended  to  be  square  with 
the  platen,  the  position  of  the  tool-slide  S  should  be  noted  by  referring 
to  the  graduation  marks  on  the  base  D.  When  the  zero  marks  on  the 
stationary  and  swiveling  parts  of  the  base  exactly  coincide,  the  slide 
should  be  at  right  angles  to  the  platen.  Its  position,  however,  can  be 
determined  more  accurately  by  holding  the  blade  of  a  square  which 


Fig.  1 1 .    Positions  or  Tool  and  Head  for  Planing  Vertical  and  Angular  Surfaces 

rests  on  the  platen,  against  one  side  of  the  tool-slide,  as  it  is  difficult  to 
set  graduation  lines  to  exactly  coincide,  and  even  though  they  were  in 
line,  errors  might  result  from  other  causes. 

The  planing  of  an  angular  surface  is  illustrated  at  B.  The  tool-head 
is  first  set  to  the  proper  angle  by  loosening  bolts  F  and  turning  the 
base  D  until  the  graduations  show  that  it  is  moved  the  required  number 
of  degrees.  For  example,  if  surface  s  were  to  be  planed  to  an  angle  of 
60  degrees  with  the  base,  as  shown,  the  head  should  be  set  over  30 
degrees  from  the  vertical  or  the  difference  between  90  and  60  degrees, 
The  tool  would  then  be  fed  downward,  as  indicated  by  the  arrow. 
The  tool-block  is  also  set  at  an  angle  with  slide  £,  when  planing  angular 
surfaces,  so  that  the  tool  will  swing  clear  on  the  return  stroke.  The 
top  of  the  block  should  always  be  turned  auay  from  the  surface  to 
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be  planed,  which  applies  to  the  planing  of  either  vertical  or  anguiar 
surfaces  when  using  the  cross-rail  head. 

An  example  of  angular  work  is  illustrated  in  Fig.  12,  which  shows 
a  planer  arranged  for  planing  the  V-shaped  ways  or  guides  on  the 
bottom  of  a  planer  platen.  Both  tool  slides  are  set  to  the  required 
angle  for  planing  one  side  of  each  vee.  As  there  are  two  tool-heads, 
both  vees  can,  of  course,  be  planed  simultaneously.     The  sides  of  the 


Fiff.  12.    Double-head  Planer  set  for  Planing-  Angular  Surfaces 

platen  are  also  planed  at  the  same  setting  by  tools  held  in  the  side- 
heads. 

Position  of  the  Tool  and  Cross-rail- Alignment  of  Cross-rail 
The  tool  should  be  set  about  square  with  the  work,  as  shown  at  A, 
Fig.  13,  when  planing  horizontal  surfaces.  If  it  is  clamped  in  the 
tool-block  at  an  angle,  as  shown  at  B,  and  the  lateral  thrust  or  pres- 
sure of  the  cut  is  sufficient  to  move  the  tool  sidewise,  the  cutting  edge 
will  sink  deeper  into  the  metal,  as  indicated  by  the  dotted  line, 
whereas  a  tool  that  is  set  square  will  swing  upward.  Of  course,  any 
shifting  of  the  tool  downward  may  result  in  planing  below  the  level  of 
the  finished  surface  which  would  spoil  the  work.  The  tool  should  also 
be  clamped  with  the  cutting  end  quite  close  to  the  tool-block,  so  that 
it  will  be  rigidly  supported. 
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As  previously  mentioned,  the  cross-rail  should  be  lowered  until  it  is 
quite  close  to  the  top  surface  of  the  work.  If  it  is  set  much  higher 
than  the  work,  the  tool-slide  has  to  be  lowered  considerably  to  bring 
the  tool  in  position  for  planing;  consequently,  both  the  slide  and  the 
tool  extend  below  the  rail  and  they  are  not  backed  up  and  supported 
against  the  thrust  of  the  cut  as  solidly  as  when  the  rail  is  more 
directly  in  the  rear.  The  vertical  adjustment  of  the  cross-rail  on  the 
face  of  the  housings  is  effected  by  two  screws  which  are  connected 
through  bevel  gearing  with  the  horizontal  shaft  V  (Fig.  1)  at  the  top. 
On  small  planers  this  shaft  is  turned  by  hand,  but  on  larger  ones  it  is 
driven  by  a  belt.  Before  making  the  adjustment,  bolts  at  the  rear 
which  clamp  the  cross-rail  to  the  housings  must  be  loosened,  and  care 
should  be  taken  to  again  tighten  these  bolts  before  using  the  planer. 
The  ways  on  which  the  cross-rail  slides,*should  be  wiped  clean  before 


Flf.  18.    Correct  and  Incorrect  Positions  for  Planing'  Tool 

making  an  adjustment,  to  prevent  dirt  from  getting  back  of  the  rail 
as  this  would  affect,  its  alignment. 

The  cross-rail  of  a  planer  which  is  in  good  condition,  is  parallel  with 
the  upper  surface  of  the  platen,  so  that  the  planing  tool,  as  it  feeds 
horizontally,  moves  in  a  line  parallel  with  the  platen.  Unfortunately 
this  alignment  is  not  always  permanent  and  if  accurate  work  is  to  be 
done,  especially  on  a  planer  that  has  been  in  use  a  long  time,  it  is 
well  to  test  the  cross-rail's  position. 

One  method  of  making  this  test  is  as  follows:  An  ordinary*  microm- 
eter is  fastened  to  the  tool-head  in  a  vertical  position  either  by  clamp- 
ing it  to  the  butt  end  of  a  tool,  or  in  any  convenient  way,  and  the  head 
is  lowered  until  the  end  of  the  micrometer  thimble  is  slightly  above 
the  platen.  The  thimble  is  then  screwed  down  until  the  end  just 
touches  the  surface  to  be  tested,  and  its  position  is  noted  by  referring 
to  the  regular  graduations.  The  thimble-  is  then  screwed  up  slightly 
for  clearance  and,  after  the  tool-head  is  moved  to  the  opposite  side,  it 
is  again  brought  into  contact  with  the  platen.     The  second  reading 
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will  then  show  in  thousandths  of  an  inch  any  variations  in  the  cross- 
rail's  position. 

Multiple  or  Gang1  Planing1— Use  of  Planer  with 
Double-  and  Side-heads 

When  a  number  of  duplicate  parts  have  to  be  planed,  much  time 
can  often  be  saved  by  arranging  the  castings  in  a  straight  row  along 
the  platen  so  that  they  can  all  be  planed  at  the  same  time.  This 
method  enables  a  number  of  parts  to  be  finished  more  quickly  than 
would  be  possible  by  machining  them  separately,  and  it  also  insures 
duplicate  work.    An  example  of  multiple  or  gang  planing  is  shown  in 


Fig*.  14.    Planing  a  Bow  or  Duplicate  Parts 

Fig.  14.  The  particular  castings  illustrated  are  the  "saddles"  of  planer 
tool-heads  and  eight  castings  are  being  planed  at  the  same  time.  Both 
tool-heads  are  in  use,  and  the  tops  and  sides  of  the  castings  are  finished 
at  this  setting. 

This  method  of  planing  cannot  always  be  employed  to  advantage 
as  the  shape  of  the  work  or  location  of  the  surfaces  to  be  machined 
sometimes  makes  gang  planing  impracticable  and  even  impossible.  If 
the  castings  are  so  shaped  that  there  will  be  considerable  space  between 
the  surfaces  to  be  planed,  when  they  are  placed  in  a  row,  so  much 
time  might  be  wasted  while  the  tool  was  passing  between  the  different 
surfaces  that  it  would  be  better  to  plane  each  part  separately.  Some 
castings  also  have'  lugs  or  other  projections  which  make  it  impossible 
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for  the  tool  to  pass  from  one  to  the  other  without  being  raised  to  clear 
the  obstruction.  On  the  other  hand,  when  castings  are  quite  sym- 
metrical in  form  and  the  surfaces  are  so  located  that  the  planing  tool 
can  pass  from  one  to  the  other  with  a  continuous  stroke,  as  Indicated 
in  Fig.  14,  the  gang  method  of  planing  insures  a  uniform  product  and 
greatly  reduces  the  time  required  for  machining. 

Two  or  more  tools  can  often  be  used  at  the  same  time  in  connection 
with  many  planing  operations.  Fig.  15  shows  a  cross-section  of  an 
engine  bed  and  illustrates  how  a  double-head  planer  would  be  used  on 
this  particular  job.  The  tool  to  the  left  is  started  first  because  it  is 
the  leading  tool,  as  determined  by  the  direction  of  the  feed.    This  is 


Fig.  15.    Planing  Two  Surface*  Simultaneously  with  Two-head  Planer 

a  good  rule  to  follow  especially  when  the  tool-heads  are  quite  close,  as 
it  prevents  one  head  from  feeding  against  the  other,  which  might  occur 
if  the  following  tool  were  started  first.  The  tools  illustrated,  cut  prin- 
cipally on  the  side  and  are  intended  for  deep  roughing  cuts  in  cast 
iron.  The  surfaces  should  be  finished  with  a  broad  tool  with  a  wide 
feed.  If  the  planer  were  heavy  and  rigid,  a  feed  of  ^  or  %  inch  for 
each  stroke,  or  even  more,  could  be  used  for  the  finishing  cut,  but 
if  the  planer  were  rather  light  or  in  poor  condition,  it  might  be  neces- 
sary to  reduce  the  feed  to  M  inch  or  less,  to  avoid  chatter.  It  is 
impossible  to  give  any  fixed  rule  for  the  amount  of  feed  as  this  is 
governed  not  only  by  the  planer  itself,  but  also  by  the  rigidity  of  the 
work  when  set  up  for  planing,  the  hardness  of  the  metal,  etc.  The 
final  cut  should  be  taken  by  a  single  tool  to  insure  finishing  both 
sides  to  the  same  height.  This  tool  should  be  fed  by  power  from  a  to  bf 
and  then  rapidly  by  hand  from  6  to  c  for  finishing  the  opposite  side. 
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The  use  of  two  tools   for  rough   planing,   greatly  reduces  the  time 
required  for  machining  work  of  this  kind. 

A  typical  example  of  the  class  of  planer  work  on  which  a  side-head 
can  be  used  to  advantage,  is  shown  in  Fig.  16.  The  operation  is  that 
of  planing  the  edge  and  face  of  a  large  casting.  The  tool  in  the  side- 
head  is  rough  planing  the  vertical  surface,  while  the  other  tool  planes 
the  edge.  As  the  side-tool  has  the  broadest  surface  to  plane,  it  is  started 
first.  On  some  work  two  side-tools  can  be  used  simultaneously.  The 
use  of  both  cross-rail  tool-heads  at  the  same  time  is  very  common  in 


Fig.  16.    Planing  Top  Edge  and  Side  of  Casting— Illustrating  use  of  Side-head 

connection  with  modern  planer  practice.  Whether  it  is  feasible  to  use 
one  tool  or  four,  simultaneously,  depends  altogether  on  the  shape  of 
the  work  and  the  location  of  the  surfaces  to  be  machined.  Very  often 
only  one  tool  can  be  used  and,  occasionally,  four  tools  can  be  operated 
at  the  same  time,  provided,  of  course,  the  planer  is  equipped  with  four 
heads.  There  are  few  fixed  rules  which  can  be  applied  generally  to 
planer  work,  'because  the  best  way  to  set  up  and  plane  a  certain  part 
depends  on  its  shape,  the  relative  location  of  the  surfaces  to  be  finished, 
the  degree  of  accuracy  necessary,  and  other  things  which  vary  for 
different  kinds  of  work.  Before  beginning  to  plane  any  part,  it  is 
well  to  consider  carefully  just  what  the  requirements  are  and  then 
keep  them  in  mind  as  the  work  progresses. 
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HOLDING  AND  SETTING  WORK  ON  THE  PLANER 


A  great  deal  of  the  work  done  on  a  planer  is  very  simple  as  far 
as  the  actual  planing  is  concerned,  but  often  considerable  skill  and 
ingenuity  are  -required  in  setting  the  work  on  the  planer  and  clamping 
it  in  the  best  manner.  There  are  three  things  of  importance  that 
should  be  considered  when  doing  work  of  this  kind.  First,  the  casting 
or  forging  must  be  held  securely  to  prevent  its  being  shifted  by  the 
thrust  of  the  cut;  second,  the  work  should  not  be  sprung  out  of  shape 
by  the  clamps;  and  third,  the  work  must  be  held  in  such  a  position 


Fig.  17.    Olampe  tor  Attaching  Work  to  Planer  Platan 

that  it  will  be  possible  to  finish  all  the  surfaces  that  require  planing, 
in  the  right  relation  with  one  another.  Frequently  a  little  planning 
before  the  "setting  up"  operation,  will  avoid  considerable  worry  after- 
wards, to  say  nothing  of  spoiled  work. 

Different  Forms  of  Planer  Clamps  and  Bolts 
Most  of  the  work  done  on  a  planer  is  clamped  directly  to  the  platen. 
A  form  of  clamp  that  is  often  used  is  shown  at  A  in  Fig.  17,  c  being 
the  clamp  proper,  b  the  bolt,  and  d  the  packing  block  on  which  the 
outer  end  of  the  clamp  rests.  Obviously  when  the  bolt  is  tightened, 
the  clamp  presses  the  work  downward  against  the  platen,  and  as  this 
pressure  is  greatest  when  the  bolt  is  close  to  the  work,  it  should,  if 
possible,  be  placed  in  that  position.  If  the  bolt  were  located  near  the 
packing  block,  the  latter  would  be  held  tightly  instead  of  the  work. 
Another  point  to  be  observed  is  the  height  of  the  packing  block.    This 
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height  x  should  equal  the  height  y  of  the  part  being  clamped,  provided 
a  straight  clamp  is  used.  The  end  of  the  clamp  will  then  have  an 
even  bearing  on  the  work  which  will  be  held  more  securely  than  it 
would  be  if  the  clamp  were  inclined  so  that  all  the  bearing  was  on 
the  end  or  at  the  edge  of  the  work.  Packing  blocks  are  made  of  either 
hard  wood  or  cast  iron. 
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Flff.  18.    Off -set  Clamp 

An  excellent  form  of  clamp,  known  as  the*  U-clamp,  is  shown  at  B. 
This  type  is  made  by  simply  bending  a  square  or  rectangular  bar  of 
steel  around,  as  shown,  so  as  to  form  a  slot  in  which  the  bolts  can  be 
placed.  This  continuous  slot  enables  a  bolt  to  be  located  in  the  best 
position,  which  is  not  always  the  case  with  clamps  having  holes. 

Bent  or  off-set  clamps  are  preferable  to  the  straight  type  for  holding 
certain  kinds  of  work.  Fig.  18  shows  an  off-set  clamp  applied  to  a 
casting  which,  we  will  assume,  is  to  be  planed  on  the  top.    If  in  this 
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Fig.  10.    Methods  of  Clamping'  Work  which  cannot  be  held  by  Ordinary  Means 

case  a  straight  clamp  were  used,  the  clamping  nut  might  be  high 
enough  to  interfere  with  the  planer  tool,  but  the  off-set  clamp  enables 
a  shorter  bolt  to  be  used. 

Frequently  the  "finger"  clamps  illustrated  at  A  and  B  in  Fig.  19  are 
convenient  if  not  absolutely  necessary.  This  type  is  used  for  holding 
work  which  cannot  be  held  by  ordinary  means  without  interfering 
with  the  planer  tool.  The  style  to  the  left  has  a  round  end  which 
enters  a  hole  drilled  in  the  work,  whereas  the  clamp  to  the  right  has 
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a  flat  end  which  engages  a  milled  slot.  An  illustration  of  the  use  of 
finger  clamps  is  given  in  connection  with  Fig.  10,  Chapter  II.  As 
previously  stated,  they  are  only  adapted  to  work  in  which  holes  or 
slots  are  not  objectionable.  Sometimes  these  clamps  can  be  inserted 
in  cored  pockets  or  holes  that  are  needed  for  other  purposes.  Sketch  C 
illustrates  a  method  that  is  sometimes  resorted  to  when  there  are 
no  projections  for  clamps  and  when  holes  or  slots  are  not  desirable. 
The  clamps  are  placed  in  an  angular  position  between  the  work  and 
stop-pins  *  or  strips  clamped  to  the  platen,  and  when  the  bolts  are 
tightened,  the  work  is  forced  downward.  The  bolt  holes  are  elongated 
to  permit  the  angular  position  of  the  clamps  to  be  varied  somewhat,  and 
the  nuts  bear  on  the  curved  ends. 


Flff.  20. 


Clamping  Bolts—Stop-plna— Use  of  Stop-pins 


Three  styles  of  bolts  that  are  generally  used  for  planer  work  are 
shown  at  A,  Fig.  20.  Bolt  a  has  a  square  head  so  that  it  must  be 
inserted  at  the  end  of  a  platen  slot  and  then  be  moved  to  the  required 
position.  Occasionally  it  is  desirable  to  place  a  bolt  through  some 
opening  in  a  casting,  in  which  case  the  bolt  b  can  be  used.  The  head 
is  narrow  enough  to  be  inserted  in  the  T-slot  from  above,  and  when 
the  bolt  is  given  a  quarter  turn,  it  is  held  the  same  as  the  square- 
headed  type.  Another  style  is  shown  at  c  which  can  be  inserted  from 
above.  The  lower  end  or  head  of  this  bolt  is  in  the  form  of  a  nut 
planed  to  fit  the  T-slot.  When  the  bolt  is  to  be  inserted  from  above, 
this  nut  is  moved  along  the  T-slot  to  the  proper  position  and  then  the 
bolt  is  screwed  into  it  after  which  the  upper  clamping  nut  is  tightened. 

Stop-pins  and  Braces 

It  would  be  very  difficult  to  hold  work  securely  by  using  only  clamps 

and  bolts,  because  the  pressure  of  the  clamp  is  in  a  vertical  direction, 

whereas  the  thrust  of  the  cut  is  in  a  horizontal  direction,  which  tends 

to  shift  the  work  along  the  platen.    To  prevent  such  a  movement,  prac- 
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tlcally  all  work  that  is  clamped  to  the  platen  is  further  secured  by 
one  or  more  stop-pins  «,  which  are  placed  at  one  end  of  the  part  being 
planed  as  indicated  at  D,  Fig.  20.  These  pins  are  generally  made  in 
two  styles,  one  of  which  has  a  shank  that  fits  the  holes  in  the  planer 
platen  as  shown  at  B,  and  the  other  an  end  which  enters  the  T-slot 
as  at  C.  By  having  one  type  for  holes  and  another  for  T-slots.  the 
stop-pins  can  be  located  in  practically  any  position.  After  the  pins 
are  inserted  in  the  platen,  the  screws  shown  are  adjusted  against  the 
work.  Stop-pins  are  ordinarily  placed  at  one  end  of  the  work  to  take 
the  thrust  of  the  cut,  and  sometimes  they  are  needed  along  the  sides 
to  prevent  lateral  movement.  The  screws  of  some  stop-pins  are 
inclined,  as  shown  at  C,  in  order  to  force  the  work  down  against  the 
platen.    These  pins  are  also  made  without  adjusting  screws. 


Flff.  21.    High  Work  supported  by  Brace  which  takes  Thrust  of  Cut 

Some  castings  have  surfaces  to  be  planed  that  are  a  considerable 
distance  above  the  platen,  as  shown  in  Fig.  21,  which  illustrates  a 
large  pillow-block  set  up  for  planing  the  base.  As  will  be  seen,  the 
end  resting  on  the  platen  is  comparatively  small,  and  if  the  casting 
were  simply  clamped  at  the  lower  end,  it  would  tend  to  topple  over 
when  being  planed,  because  the  thrust  of  the  tool  is  so  far  above  the 
point  of  support.  To  prevent  any  such  movement,  braces  B  are  used. 
These  braces  serve  practically  the  same  purpose  as  stop-pins.  The 
style  of  brace  shown  has  a  hinged  piece  in  its  lower  end,  which  enters 
a  hole  in  the  platen,  and  the  body  of  the  brace  is  a  piece  of  heavy 
pipe.  At  the  upper  end  there  is  an  adjustable  fork-shaped  piece  which 
engages  the  work,  and  the  hinged  joint  at  the  lower  end  enables  the 
brace  to  be  placed  at  any  angle.  In  some  shops,  wooden  blocks  are 
used  as  braces.  The  arrangement  of  these  braces  and  the  number 
employed  for  any  given  case,  depends  of  course  on  the  shape  and  size 
of  the  casting,  and  this  also  applies  to  the  use  of  stop-pins  and  clamps. 
The  location  of  all  braces  and  clamping  appliances  should  be  deter- 
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mined  by  considering  the  strains  to  which  the  part  will  be  subjected 
during  the  planing  operation. 

Use  of  Stop-pins  and  Planer  Strip-Parallel  Strips 
An  arrangement  which  can  often  be  used  to  advantage  in  place  of  a 
chuck  is  shown  in  Fig.  22.    The  part  to  be  planed  is  held  between  ordi- 


Flg*.  22.    Work  held  between  Stop-pine  and  Strip  Bolted  to  Platen 

nary  stop-pins  8  and  a  "planer  strip"  P  that  is  bolted  to  the  platen. 
This  strip  has  a  tongue  piece  t,  which  fits  into  the  T-slot  and  locates 
the  side  a  parallel  to  the  travel  of  the  platen.  A  stop-pin  should  be 
placed  against  the  end  6  of  the  work  to  prevent  longitudinal  movement. 
Parallel  strips  are  placed  beneath  parts  to  be  planed  usually  for  the 
purpose  of  raising  them  to  a  suitable  height,  or  to  align  a  finished 
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Flff.  28.    Illustration  showing  nee  of  Parallel  Strips 

surface  on  the  under  side  with  the  platen,  when  such  a  surface  can- 
not be  placed  in  direct  contact  with  the  platen.  These  strips  are  made 
in  pairs  of  different  sizes  and  their  sides  are  square  and  parallel  to 
one  another.  An  example  showing  the  use  of  parallels  in  connection 
with  chuck  work,  is  illustrated  in  Fig.  23.  If  the  part  W  were  placed 
down  on  the  bottom  of  the  chuck,  the  top  surface  vould  be  lower  than 
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the  chuck  jaws  and  the  latter  would  interfere  with  the  planing  tool. 
By  mounting  the  work  on  two  parallel  strips  8,  it  is  raised,  and  at  the 
same  time  the  under  side  is  kept  in  line  with  the  chuck,  provided  the 
parallels  are  accurate  and  the  work  is  properly  "bedded"  on  them. 

Holding-  Castings  of  Irregular  Shape-Holding1  Thin  Work 
The  method  of  holding  an  odd-shaped  casting  on  an  angle-plate  is 
illustrated   in  Fig.   24.     The   angle-plate  A  has  two   faces  a   and   & 


Fig1.  26.    Use  of  Angle-plate  in  Conjunction  with  Olampe  for  Holding  Work 

which  are  square  with  each  other,  and  the  work  W  is  bolted  or  clamped 
to  the  vertical  face,  as  shown.  The  arrangement  of  the  clamps  or  bolts 
depends,  of  course,  on  the  shape  of  the  work.  The  particular  part  illus- 
trated, which  is  to  be  planed  at  /,  is  held  by  bolts  inserted  through 
previously  drilled  holes,  and  the  left  end  is  supported  by  a  clamp  C, 
set  against  the  under  side  to  act  as  a  brace  and  take  the  downward 
thrust  of  the  cut.  Angle-plates  are  generally  used  for  holding  pieces, 
which,  because  of  their  odd  shape,  cannot  very  well  be  clamped  directly 
to  the  platen.  Occasionally  an  angle-plate  can  be  used  in  conjunction 
with  clamps  for  holding  castings,  as  illustrated  in  Fig.  25.     In  this 
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example  the  angle-plate  A  is  placed  across  the  platen  and  serves  as 
a  stop  for  taking  the  thrust  of  the  cut.  The  flange  on  the  oppo- 
site end  is  supported  by  a  block  B  against  which  the  casting  is  clamped. 

Some  castings  are  so  shaped  that  a  great  deal  of  time  would  be 
required  for  clamping  them  with  ordinary  means  and  for  such  work, 
special  fixtures  are  often  used.  These  fixtures  are  designed  to  support 
the  casting  in  the  right  position  for  planing,  and  they  often  have 
clamps  for  holding  it  in  place.  Some  work  which  could  be  clamped 
to  the  platen  in  the  usual  way,  is  held  in  a  fixture  because  less  time  is 
required  for  setting  it  up.  This  is  the  practice  where  a  large  number 
of  pieces  have  to  be  planed. 

When  it  is  necessary  to  plane  thin  plates  or  similar  work  which 
canmot  be  clamped  in  the  usual  way,  either  wedge-shaped  or  pointed 
pieces  similar  to  those  shown  at  A  and  B,  Fig.  26,  are  used.  These  are 
known  as  "spuds"  or  "toe-dogs,"  and  one  way  In  which  they  are  applied 


Fir.  SO.    Method  of  Holding  Thin  Flat  Plates  while  Planing 

is  indicated  at  C.  Stop-pins  *  are  inserted  in  the  platen  on  each  side 
of  the  work,  and  the  dogs  are  forced  against  the  work  by  tightening 
the  screws.  Owing  to  the  angular  position  of  the  dogs,  the  work  is 
pressed  down  against  the  platen.  The  inclination  should  not  be  too 
great,  as  the  outer  end  of  the  dog  will  move  upward  when  the  screws 
are  tightened,  without  transmitting  any  pressure  to  the  work.  One  or 
more  stop-pins  p  should  be  placed  in  front  of  the  part  being  planed 
to  take  the  thrust,  and  at  least  two  dogs  will  be  required  on  each  side 
unless  the  work  is  comparatively  short. 

Planing*  Round  Work 
The  planer  is  sometimes  used  for  cutting  keyways  or  splines  in 
shafts,  and  occasionally,  other  round  work  requires  a  planing  opera- 
tion. In  order  to  hold  and  at  the  same  time  align  round  work  with  the 
platen,  V-blocks  (Fig.  27),  are  used.  These  blocks  have  a  tongue 
piece  t  at  the  bottom  which  fits  the  T-slots  in  the  platen,  and  the  upper 
part  of  the  block  is  V-shaped  as  shown  in  the  end  view.  This  angular 
groove  is  central  with  the  tongue  piece  so  that  it  holds  a  round  shaft 
in  alignment  with  the  T-slot,  which  is  parallel  with  the  travel  of  the 
platen.    The  diameter  of  a  shaft  held  in  one  of  these  blocks  can  vary 
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considerably,  as  indicated  by  the  two  circles,  without  affecting  the 
'  alignment.    In  other  words,  the  centers  c  and  <\  of  the  large  and  small 
circles,  respectively,  coincide  with  the  vertical  center  line. 

Fig.  28  shows  how  a  shaft  is  held  while  a  keyseat  is  being  planed 
in  the  end.  Only  one  V-block  is  shown  in  the  illustration,  but  ordi- 
narily the  opposite  end  of  the  shaft  would  be  supported  in  a  block 


Fig.  27.    V-blook  for  Holding  Cylindrical  Parts 

of  corresponding  size.  Before  the  planing  operation,  a  hole  h  is  drilled 
to  form  a  clearance  space  for  the  planing  tool.  The  keyseat  is  then 
planed  by  using  a  square-nose  tool,  and  if  the  V-blocks  are  accurately 
made,  it  will  be  in  line  with  the  axis  of  the  shaft. 

Fig.  29  illustrates  how  V-blocks  are  used   in   locomotive  shops  for 
holding  a  piston-rod  while  the  cross-head,  which  is  mounted  on  tne 


Fig.  28.    Bnd  of  Shaft  Clamped  in  V-blook 

end,  is  being  planed.  The  bearing  surfaces  of  the  cross-head  must  be 
in  line  with  the  rod  which  fits  a  tapering  hole  in  one  end.  By  assem- 
bling the  cross-head  and  rod  and  then  mounting  the  latter  in  V-blocks, 
the  bearing  surfaces  are  planed  in  alignment  with  the  rod. 

A  good  method  of  making  a  pair  of  accurate  V-blocks  is  as  follows: 
First  plane  the  bottom  of  each  block  and  form  the  tongue  piece  t. 
Fig.  27,  to  fit  closely  the  platen  T-slots.    Then  bolt  both  blocks  in  line 
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on  the  platen  and  plane  them  at  the  same  time  so  that  they  will  be 
exact  duplicates.  A  square  slot  or  groove  is  first  planed  at  the  bottom 
of  the  vee,  as  shown,  to  form  a  clearance  space  for  the  tool.  The  head 
is  then  set  to  the  required  angle  and  one  side  of  the  vee  is  planed. 
The  blocks  are  then  reversed  or  turned  "end  for  end"  and  the  opposite 
side  is  finished  without  disturbing  the  angular  setting  of  the  head. 
This  method  of  reversing  the  work,  instead  of  setting  the  head  to  the 
opposite  angle,  insures  equal  angles  for  both  sides  and  a  vee  that 
is  exactly  central  with  the  tongue  piece. 

A  special  planer  strip  which  is  used  in  conjunction  with  screw- 
stops  for  holding  round  parts,  is  illustrated  in  Fig.  30.  The  strip  has 
an  angular  face  /  so  that  pressure  from  the  screws  s  tends  to  force  the 


Fig.  29.    Piston-rod  and  Attached  Oroae-heed  Mounted  in  V-blooke  for  Planing 

shaft  down  against  the  platen  as  well  as  against  the  strip  itself.    This 
angular  face  is  aligned  with  the  platen  by  the  tongue  piece  t. 

Distortion  of  Work 

When  castings  or  forgings  are  set  up  on  the  planer  for  taking  the 
first  cut,  usually  the  side  that  is  clamped  against  the  platen  is  rough 
and  uneven,  so  that  the  work  bears  on  a  few  high  spots.  This  condi- 
tion is  shown  illustrated  on  an  exaggerated  scale  in  Fig.  31,  which 
shows  a  casting  that  bears  at  a  and  b,  but  does  not  touch  the  platen 
at  the  ends  where  the  clamping  is  to  be  done.  If  the  clamps  were 
tightened  without  supporting  the  work  at  the  end,  the  entire  casting 
would  probably  be  sprung  out  of  shape  more  or  less,  depending  on  its 
rigidity,  with  the  result  that  the  planed  surface  would  not  be  true 
after  the  clamps  were  released,  because  the  casting  would  then  resume 
its  natural  shape.  To  prevent  inaccurate  work  from  this  cause,  there 
should  always  be  a  good  bearing  just  beneath  the  clamps,  which  can 
be  obtained  by  inserting  rices  of  sheet  metal,  or  even  paper  when 
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the  unevenness  is  slight.  Thin  copper  or  iron  wedges  are  also  used 
for  "packing"  under  the  clamps.  It  is  good  practice  when  accuracy  is 
required  and  the  work  is  not  very  rigid,  to  release  the  clamps  slightly 
before  taking  the  finishing  cut  This  allows  the  part  to  spring  back 
to  its  normal  shape  and  the  finished  surface  remains  true  after  the 
clamps  are  released. 
Very  long  castings  or  those  which  are  rather  frail  but  quite  large  and 


Fig.  SO.    Method  of  Holding  Shaft  for  SpUnlng  or  Keyseetlng- 

heavy,  sometimes  bend  by  their  own  weight  or  are  sprung  out  of  shape 
by  the  pressure  of  the  planing  tool,  unless  supported  at  the  weak  points. 
In  such  a  case  jacks,  such  as  the  one  illustrated  in  Fig.  32,  form  a  very 
convenient  means  of  support.  This  particular  jack  has  a  ball  joint  at 
the  top  which  allows  the  end  to  bear  evenly  on  the  work,  and  the 
screw  can  be  locked  after  adjustment  to  prevent  it  from  jarring 
loose.  These  jacks,  which  are  made  in  different  heights  can  also  be 
used  in  various  ways  for  supporting  work  being  planed.    Fig.  29  shows 
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Fig.  81.    Glass  of  Work  which  Is  sometimes  Distorted  by  Clamping 

a  practical  application  of  planer  jacks,  two  being  inserted  beneath  the 
cross-head  to  prevent  any  downward  spring.  Hard-wood  blocks  cut 
to  the  right  length  are  also  used  as  supports. 

Castings,  even  though  properly  clamped,  are  sometimes  sprung  out  of 
shape  by  the  internal  stresses  existing  In  the  casting  itself.  These 
stresses  are  caused  by  the  unequal  cooling  of  the  casting  in  the  foun- 
dry. When  a  casting  is  made,  the  molten  metal  which  comes  in  con- 
tact with  the  walls  of  the  mold,  naturally  cools  first  and,  in  cooling, 
contracts  and  becomes  solid  while  the  interior  is  still  more  or  less 
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molten.  The  result  is  that  when  the  interior  cools  and  contracts,  the 
tendency  is  to  distort  the  part  which  solidified  first,  and  internal 
stresses  are  left  in  the  casting.  These  stresses  often  act  in  opposite 
directions  and  when  a  roughing  cut  is  taken  from  one  side  of  such  a 

casting,  thus  relieving  the  stress  on 
that  side,  a  slight  distortion  takes 
place.  This  is  illustrated  on  an  ex- 
aggerated scale  in  Fig.  33.  Suppose 
a  casting  is  clamped  as  at  A,  so  as  to 
avoid  all  spring,  and  then  a  roughing 
cut  is  taken  over  side  a,  thus  remov- 
ing the  hard  outer  surface.  The 
chances  are  that  the  shape  would 
change  as: shown  (exaggerated)  by 
the  dotted  lines,  because  the  stresses 
which  formerly  counteracted  tnose  of 
the  opposite  side  are  now  removed. 
Let  us  assume  that  the  casting  is 
next  turned  over  and  clamped  as  at 
B  without  springing  it  by  the  pres- 
sure of  the  clamps.  If  a  roughing  cut 
is  then  taken  from  the  opposite  side 
&,  another  change  would  probably  oc- 
cur because  this  would  relieve  the  tension  or  stress  of  that  side.  The 
work  would  then  assume  what  might  be  called  its  natural  shape,  and  if 
both  sides  were  then  finished,  they  would  tend  to  remain  true,  though 
slight  changes  might  occur  even  then.  Because  of  this  tendency  to 
distortion  as  the  result  of  internal  stresses,  all  work,  especially  if  not 
rigid,  should  be  rough-planed  before  any  finishing  cuts  are  taken.    Of 


Fig".  83.    Planer  Jack 
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Fig.  88.    Diagrams  illustrating1,  on  Exaggerated  Scale,  Distortion 
from  Internal  Stresses 

course,  such  a  change  of  shape  does  not  always  occur,  because  the 
stresses  may  be  comparatively  slight  and  the  planed  surface  so  small 
in  proportion  to  the  size  of  the  casting,  that  distortion  is  impossible. 

Another  important  point  in  setting  work  is  to  locate  it  so  that  all 
surfaces  to  be  planed  can  be  finished  to  the  required  dimensions.  On 
some  work  it  is  also  desirable  to  have  a  planed  part  fairly  true  with  a 
surface  which  remains  rough,  either  to  secure  a  neater  finish  or  for 
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more  Important  reasons.  Therefore,  when  either  a  casting  or  forging 
Is  being  set  §up  on  the  planer,  it  should  be  located  according  to  the 
requirements  for  that  particular  part.  As  an  illustration,  suppose  a 
flange  a,  the  boss  6  and  the  surface  c  of  a  cast-iron  cover  plate,  Fig.  34, 
is  to  be  planed  so  that  the  distance  between  these  surfaces  corresponds 
to  the  dimensions  given  on  the  drawing.  The  first  operation  would 
be  to  plane  the  side  c,  the  work  being  set  up  in  the  position  indicated 
at  A.  The  casting  is  first  set  about  parallel  with  the  platen,  but  it 
should  be  remembered  that  the  surface  which  is  set  level  or  parallel  is 
not  necessarily  *  the  one  to  be  planed.  In  this  case  the  side  d  is  to 
remain  rough,  and  it  is  desirable  to  have  a  uniform  thickness  x  when 
the  cover  is  finished ;  therefore  the  casting  is  set  by  side  d  rather  than 
by  the  upper  surface  c,  or  in  other  words,  is  located  so  that  the  finished 
surface  will  be  true  with  the  rough  side  of  the  casting. 
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Fig.  84.    Diagram  Illustrating  Points  relating-  to  Position  of  Work 

The  amount  of  metal  to  remove  when  planing  side  c  must  be  deter- 
mined by  considering  the  relation- of  this  side  to  the  other  parts  that 
are  to  be  finished  when  the  casting  Is  turned  over.  For  example,  it 
should  be  possible  to  plane  flange  a  to  a  height  h  (as  given  on  the 
drawing)  without  removing  too  much  or  too  little  metal  from  the 
flange.  Suppose  a  light  cut  were  taken  from  side  c,  just  deep  enough 
to  true  it  and  then  the  casting  were  turned  over,  as  indicated  at  B, 
for  finishing  the  opposite  side.  When  planing  the  flange  it  might  be 
necessary  to  make  the  thickness  t  considerably  less  than  it  should  be, 
in  order  to  secure  the  proper  height  h.  This,  however,  would  not  occur 
if  when  planing  side  c,  the  thickness  of  the  flange  as  well  as  the  height 
fc,  were  considered.  Therefore,  the  relation  between  the  different  sur- 
faces should  be  kept  in  mind.  Sometimes  it  is  necessary  to  set  a  cast- 
ing very  carefully  and  to  plane  off  just  the  right  amount,  in  order  to 
finish  the  other  surfaces  to  the  required  dimensions. 

The  Surface  Gage  and  its  Use 
The  surface  gage  is  used  very  extensively  in  connection  with  planer 
work  for  scribing  lines  that  represent  finished  surfaces  and  also  for 
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setting  parts  parallel  with  the  platen.    This  tool,  which  is  shown  in 
Fig.  35,  has  a  rather  heavy  base  on  which  is -mounted  a  rod  carrying 

a  pointer  or  scriber  8.  The  latter  can 
be  adjusted  in  or  out  and  it  also  can 
be  moved  to  any  position  along  the  rod. 
After  the  scriber  or  pointer  has  been 
set  to  about  the  right  height,  it  can  be 
set  accurately  to  the  position  desired 
by  turning  screw  A  which  gives  a  fine 
adjustment.  There  are  two  pins  B  in 
the  base  which  can  be  pushed  down 
when  it  is  necessary  to  keep  the  gage 
in  line  with  the  edge  of  a  plate  or  the 
side  of  a  T-slot.  The  method  of  using 
a  surface  gage  for  setting  a  surface 
parallel  to  the  platen  is  indicated  in 
Fig.  36.  The  scriber  s  is  first  set  to 
just  touch  the  work  at  some  point;  the 
gage  is  then  moved  around  to  the 
opposite  side,  as  shown  by  the 
dotted  lines,  and  in  this  way  the 
height  at  various  points  are  com- 
pared. 

The  surface  gage  is  also  used  extensively  for  laying  out  work.  As  a 
simple  illustration,  suppose  the  sides  b  and  c  (Fig.  36)  were  to  be 
planed  and  it  were  necessary  to  have  the  thicknesses  x  and  y  of  the 
flanges  and  the  height  z  all  conform  to  given  dimensions.    If  lines  I  and 


Fig.  86.    Surface  Gage 


Fig.  80.    Testing*  Alignment  by  using  Surface  Gage 

lx  representing  the  finished  surfaces  were  first  scribed  on  the  flanges, 
these  would  serve  as  a  guide  when  planing,  and  such  lines  could  easily 
be  drawn  by  using  a  surface  gage,  even  though  the  sides  did  not  lie 
in  the  same  vertical  plane.  The  surface  gage  is  also  used  for  setting 
lines  which  have  been  scribed  on  the  work  and  represent  the  location 
of  finished  surfaces,  parallel  with  the  planer  platen. 
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PLANER  TOOLS-VARIOUS  FORMS  USED  AND 
POINTS  ON  GRINDING 

The  number  and  variety  of  the  tools  used  on  a  planer  depend  on 
the  character  of  the  work  which  is  done  on  that  particular  machine. 
If  the  work  varies  considerably,  especially  in  its  form,  quite  a  number 
of  tools  of  different  shapes  will  be  needed,  whereas,  planers  that  are 
used  principally  for  making  certain  parts,  do  not  need  a  large  tool 
equipment.  In  Pigs.  37  and  38,  two  sets  of  tools  Intended  for  general 
work  are  shown.  Occasionally,  tools  of  special  form  are  required,  but 
the  various  types  in  the  sets  illustrated,  will  take  care  of  practically 
all  ordinary  planing  operations.  Fig.  37  also  shows  some  typical  ex- 
amples of  the  kind  of  planing  for  which  the  different  tools  are  adapted. 

The  tool  shown  at  A  is  a  roughing  tool.  This  form  is  particularly 
adapted  for  taking  deep  "roughing"  cuts  in  cast  iron,  when  it  is  neces- 
sary to  remove  considerable  superfluous  metal.  This  style  of  tool  is  also 
made  to  the  opposite  hand  as  at  B,  as  it  is  sometimes  desirable  to 
feed  the  tool  toward  the  operating  side  of  the  planer;  ordinarily,  how- 
ever, horizontal  surfaces  are  planed  by  feeding  the  tool  away  from 
the  operator,  the  tool  moving  from  right  to  left,  as  viewed  from  the 
front  of  the  machine.  This  enables  the  workman  to  see  just  what 
depth  of  cut  is  being  taken  at  the  beginning  of  the  cut.  The  tool  C 
with  a  broad  cutting  edge  is  used  for  taking  finishing  cuts  in  cast  iron. 
The  cutting  edge  is  set  parallel  with  the  planer  platen,  and  the  feed 
for  each  cutting  stroke  is  a  little  less  than  the  width  of  the  edge.  Not- 
withstanding the  coarse  feed,  a  smooth  surface  is  left  on  the  work, 
provided  the  tool  is  properly  ground  and  set,  and  does  not  chatter  when 
in  use.  Tools  of  this  type  are  made  in  various  widths,  and  when 
planing  very  large  and  rigid  castings,  wide  cutting  edges  and  coarse 
feeds  are  used.  A  plain  round-nose  tool  is  shown  at  D.  This  style  is 
often  used  for  rough  planing  steel  or  iron.  It  can  also  be  made  into  a 
finishing  tool  for  the  same  metals  by  grinding  the  nose  or  tip  end  flat 
The  width  of  the  flat  cutting  edge  is  much  less,  however,  than  for  cast- 
iron  finishing  tools,  because  if  very  broad  edges  and  feeds  were  used 
when  planing  steel,  there  would  be  danger  of  the  tool  gouging  into  the 
work.  Steel  offers  a  greater  resistance  to  cutting  than  cast  iron  and 
that  is  why  broad  tools  tend  to  .gouge  in,  especially  if  the  tool  is  not 
held  rigidly  to  prevent  its  springing  downward.  Tool  Ey  which  is 
known  as  a  diamond  point,  is  also  used  for  rough-planing  steel  or  iron. 
The  bent  tools  F  and  O  are  used  for  planing  either  vertical  surfaces  or 
those  which  are  at  a  considerable  angle  with  the  platen.  These  are 
right-  and  left-side  roughing  tools,  and  they  are  adapted  to  either  cast 
iron  or  steel.  They  can  also  be  used  for  finishing  steel.  Finishing 
tools  for  vertical  or  angular  cast-iron  surfaces  are  shown  at  H  and  J. 
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Fiff.  87.    Planer  Tools  of  Different  Form  and  "Work  to  which  they  are  Adapted 
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These  have  wide  cutting  edges  to  permit  coarse  finishing  feeds.  Ver- 
tical surfaces  can  often  be  planed  to  better  advantage  by  using  a 
straight  tool  in  the  side-head,  when  the  planer  is  so  equipped.  Right 
and  left  angle  tools  are  shown  at  J  and  K.  This  style  of  tool  is  for 
planing  angular  surfaces  which,  by  reason  of  their  relation  to  hori- 
zontal or  other  surfaces,  can  only  be  finished  by  a  tool  having  a 
form  similar  to  that  illustrated.  A  typical  example  of  the  kind  of 
angular  planing  requiring  the  use  of  an  angle  tool  is  Indicated  in  the 
illustration.  After  finishing  side  a,  the  horizontal  surface  b,  (from 
which  a  roughing  cut  should  have  been  taken  previously)  could  be 
planed  by  feeding  the  same  tool  horizontally.  A  square-nose  tool  is 
shown  at  L.    This  is  used  for  cutting  slots  and  squaring  corners,  and 


Fig.  88.    Bet  of  Planer  Tools  ground  on  Sellers  Tool-grinding  Machine 

the  same  style  of  tool  is  made  in  different  widths.  A  narrow  square 
nose  or  "parting"  tool  is  shown  at  M.  It  is  adapted  to  cutting  nar- 
row grooves,  and  can  also  be  used  for  cutting  a  part  in  two,  pro- 
vided the  depth  does  not  exceed  the  length  of  the  narrow  cutting 
end.  Right  and  left  side  tools  are  shown  at  N  and  0.  These  can 
frequently  be  used  to  advantage  on  vertical  or  angular  surfaces.  A 
tool  for  planing  brass  is  shown  at  P.  It  has  a  narrow  rounded  cut- 
ting edge  and  is  very  much  like  a  brass  turning  tool.  For  finishing 
cuts  in  brass,  tools  having  narrow  flat  ends  are  often  used.  Right 
and  left  bent  square-nose  tools  are  shown  at  Q  and  R.  Such  tools  are 
used  for  cutting  grooves  or  slots  in  vertical  surfaces  and  for  similar 
operations.  The  peculiarly-shaped  tool  shown  by  front  and  side 
views  at  S,  is  especially  adapted  to  finishing  cast-iron  surfaces.  This 
type  is  known  as  the  "goose-neck"  because  of  its  shape,  and  it  is 
intended  to  eliminate  chattering  and  the  tendency  which  a  regular 
finishing  tool  has  of  gouging  into  the  work.  By  referring  to  the 
side  view  it  will  be  seen  that  the  cutting  edge  is  on  a  line  with  the 
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back  of  the  tool  shank;  so  tnat  any  backward  spring  of  the  tool 
while  taking  a  cut,  would  cause  the  cutting  edge  to  move  along  an 
arc  c  or  away  from  the  work.  When  the  cutting  edge  is  in  advance 
at  some  point  x,  as  with  a  regular  tool,  it  will  move  along  an  arc  d, 
if  the  strain  of  the  cut  causes  any  springing  action,  and  the  cutting 
edge  will  "dig  in"  below  the  finished  surface.  Ordinarily  the  tool 
and  the  parts  of  the  planer  which  support  it,  are  rigid  enough  to 
prevent  such  a  movement,  so  that  the  goose-neck  tool  is  not  always 
necessary. 

All  of  the  tools  shown  in  Fig.  37  are  forged  from  a  solid  bar  of 
steel,  the  cutting  end  being  forged  to  about  the  right  shape,  after 


Flff.  89.    (A)  Planing  Tool  with  Inserted  Cutter.    (B)  Radius  Tool 
(C)  Tool  having  Two  Cutters.    (D)  Finishing  Tool 

which  the  end  is  correctly  formed  by  grinding.  After  the  tool  has 
been  worn  away  considerably  by  repeated  grlndings,  the  end  has  to 
be  re-forged  or  "dressed"  to  bring  it  back  to  the  original  form.  To 
eliminate  this  work,  and  also  to  reduce  the  amount  of  steel  required, 
tools  are  often  used  on  the  planer  and  other  machines,  having  shanks 
into  which  small  cutters  can  be  inserted.  These  tools  are  made  in 
many  different  designs,  one  of  which  is  shown  at  A  in  Fig.  39.  This 
particular  style  is  so  arranged  that  the  cutter  c,  which  is  held  against 
the  shank  by  bolt  b,  can  be  set  cither  vertically,  horizontally,  or  at 
an  angle  of  45  degrees  and  the  cutting  edge  can  be  placed  on  the 
right  or  left  side  of  the  shank,  as  required.  This  adjustment  adapts 
the  tool  to  the  planing  of  horizontal,  vertical  or  angular  surfaces. 
It  should  be  noted  that  the  cutter  is  firmly  seated  in  slots  cut  in 
the  face  of  the  shank.     This  tool  can  be   used   with   the  cutter   in 
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advance  of  the  shank  or  to  the  rear;  when  in  the  latter  position  It 
has  the  advantages  of  the  "goose-neck"  tool. 

What  Is  known  as  a  form  tool  is  shown  at  £.  The  cutter  c  is  cir- 
cular and  it  is  held  to  the  shank  by  a  bolt  as  shown.  This  particular 
tool  is  used  for  finishing  round  surfaces,  the  cutter  being  made  to 
the  required  diameter.  Form  tools  are  also  used  for  finishing  sur- 
faces of  irregular  form,  the  cutter  being  made  to  correspond  in 
shape  to  the  form  required.  A  tool  having  two  cutters  is  shown  at  C. 
This  style  is  sometimes  used  for  planing  duplicate  work,  having  two 
surfaces  s  and  su  a  given  distance  apart.  By  having  two  cutters, 
both  sides  are  finished  at  the  same  time.  As  the  cutters  are  ground 
away,  they  are  moved  out  to  the  required  width  by  drawing  in  the 
taper  bolt  t  against  which  the  inner  ends  of  the  cutters  rest.  This  is 
an  example  of  the  special  tools  sometimes  used  in  planer  work.    The 


Fig.  40.    Bouffhixur  and  Finishing  Toola 

tool  shown  at  D  is  a  solid  forged  type,  that  is  excellent  for  finishing 
steel.  The  way  this  tool  operates  is  shown  by  the  plan  view.  The  cut- 
ting edge  e  is  at  an  angle  with  the  shank,  and  as  the  work  moves  in 
the  direction  shown  by  the  arrow,  the  corner  or  edge  e  removes  a  light 
shaving  and  leaves  a  smooth  surface.  The  edge  is  curved  slightly,  as 
shown  by  the  side  view,  so  that  the  cutting  is  done  at  the  center.  By 
using  soda  water,  or  even  plain  water,  while  planing,  a  bright  surface 
is  obtained.    Only  very  light  cuts  are  taken  with  this  tool. 

The  action  of  a  planer  is  quite  different  from  that  of  a  lathe,  as  it 
is  used  principally  for  producing  flat  surfaces,  whereas  the  lathe  pro- 
duces cylindrical  surfaces.  In  the  forming  or  grinding  of  planing  and 
turning  tools,  however,  there  are  many  underlying  principles  which 
are  common  to  both  classes  of  tools. 

Front  and  side  views  of  a  planer  roughing  tool  are  shown  at  A, 
Fig.  40.  As  the  cutting  is  done  by  the  curved  edge  e,  the  front  surface 
b  is  ground  to  slope  backward  from  this  edge,  to  give  the  tool  keen- 
ness. The  end  or  flank  of  the  tool  is  also  ground  to  slope  inwards  to 
provide  clearance.  The  angle  c  of  clearance  is  about  4  or  5  degrees  for 
planer  tools,  which  is  much  less  than  for  lathe  tools.  This  small 
clearance  is  allowable  because  a  planer  tool  is  held  about  square  with 
the  platen,  whereas  a  lathe  tool,  the  height  of  which  may  be  varied,  is 
not  always  clamped  in  the  same  position.     A  lathe  tool  also  requires 
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more  clearance  because  it  has  a  continuous  feeding  movement  along 
a  spiral  path,  whereas  a  planer  tool  is  stationary  during  the  cut,  the 
feed  taking  place  Just  before  the  cut  begins.  This  point  should  be  con- 
sidered when  grinding  planer  tools,  because  the  clearance  of  any  tool 
should  not  be  greater  than  is  necessary  to  permit  the  tool  to  cut  freely, 
as  excessive  clearance  weakens  a  tool.  The  slope  of  the  top  surface  b 
depends  on  the  hardness  of  the  metal  to  be  planed,  the  slope  angle 
being  less  for  hard  material,  to  make  the  cutting  edge  more  blunt  and 
consequently  stronger.    When  tools  are  ground  by  hand,  the  angles  of 

slope  and  clearance  are  not  ordi- 
narily measured,  the  workman  being 
guided  by  experience.  As  the  cutting 
is  done  principally  by  side  e,  the 
slope  of  the  top  (or  front  when  the 
tool  is  in  position  for  planing)  is 
back  from  this  point,  or  away  from 
the  working  part  of  the  cutting  edge. 
By  grinding  a  flat  spot  on  the  nose 
or  lower  end,  this  same  tool  can  be 
used  for  taking  finishing  cuts  in 
steel.  Finishing  cuts  are  also  taken 
with  a  round  nose,  by  using  a  fine 
feed.  The  edge  e  of  the  cast-iron  fin- 
ishing tool  (B)  should  be  ground 
straight  by  testing  it  with  a  small 
straightedge  or  scale.  The  corners 
should  also  be  rounded  slightly,  as 
shown,  as  a  square  corner  on  the 
leading  side  will  dull  quickly.  The 
illustration  shows  clearly  the  tool's  shape.  The  square-nose  tool  (Fig. 
41)  cuts  along  its  lower  edge  e,  and  is  given  clearance  on  the  end  and 
sides  as  shown  in  the  two  views.  The  lower  edge  is  the  widest  part  of 
the  cutting  end,  the  sides  sloping  inward  in  both  a  vertical  and  hori- 
zontal direction,  which  prevents  the  tool  from  binding  as  it  moves 
through  a  narrow  slot.  The  side-tool  in  the  lower  part  of  Fig.  41 
cuts  along  edge  c,  which,  as  the  side  view  shows,  slopes  backward. 
Planer  side-tools  are  not  always  made  in  this  way,  but  it  is  a  good  form, 
as  the  sloping  edge  starts  a  cut  gradually,  whereas  a  vertical  edge 
takes  the  full  width  of  the  cut  suddenly,  thus  producing  a  shock. 

Reference  has  been  made  to  the  grinding  of  these  few  types  of  tools, 
merely  to  point  out  some  of  the  principles  connected  with  the  grinding 
of  planing  tools.  When  the  principle  of  tool  grinding  is  understood, 
the  various  tools  required,  whether  regular  or  special  in  form,  can  be 
ground  without  difficulty.  One  thing  that  should  be  remembered  when 
grinding  a  tool,  is  that  it  does  not  pay  to  force  the  tool  too  hard  against 
the  emery  wheel  or  grindstone,  as  is  often  done  in  attempting  to  grind 
quickly.  The  tool  should  be  ground  with  a  moderate  pressure,  and  it 
should  be  withdrawn  frequently  when  forming  a  flat  surface,  to  prevent 
excessive  heating  and  burning  of  the  tool.  The  grinding  wheel  should 
alwaya  be  supplied  with  cooling  water. 


Tiff  41.    Square-nose  Tool— Side-tool 
with  Sloping  Bdffe 


CHAPTER  V 


THE  SHAPER 


The  shaper,  like  the  planer,  is  used  principally  for  producing  flat 
surfaces,  but  it  is  intended  for  smaller  work  than  is  ordinarily  done 
on  a  planer.  The  shaper  Is  preferable  to  the  planer  for  work  within 
its  capacity  because  it  is  less  cumbersome  to  handle  and  quicker  in 
its  movement.  The  action  of  a  standard  shaper,  when  in  use,  is  quite 
different  from  the  planer;  in  fact,  its  operation  is  just  the  reverse,  as 


*  /> 

r  H 

Flir.  42.    Cincinnati  Back-fireared  Crank  Shaper 

the  tool  moves  back  and  forth  across  the  work,  which  remains  station- 
ary, except  for  a  slight  feeding  movement  for  each  stroke.  A  shaper 
of  typical  design  is  shown  in  Fig.  42.  The  principal  parts  are  the 
base  and  column  B  and  C,  the  table  T  which  has  a  vise  V  for  holding  ' 
work,  and  the  ram  R  which  carries  a  planing  tool  in  tool-post  I,  and 
is  given  a  reciprocating  motion  by  a  crank  mechanism  inside  the  col- 
umn. The  work-table  is  mounted  on  a  saddle  or  cross-slide  D,  and 
it  can  be  moved  along  the  cross-rail  A  by  turning  the  lead-screw  L 
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with  a  crank  or  by  an  automatic  feeding  mechanism.  The  cross-rail 
can  be  adjusted  vertically  on  the  face  of  the  column  to  accommodate 
work  of  various  heights,  and  the  tool-slide  F  with  the  tool,  can  be  fed 
downward  by  handle  E. 

The  driving  mechanism  for  the  ram  is  shown  in  the  sectional  views 
Fig.  43.  Shaft  8  on  which  the  driving  pulley  is  mounted,  is  con- 
nected through  gearing  with  crank  gear  C.  This  gear  carries  a  crank- 
pin  or  block  B  which  engages  a  slot  in  the  arm  N,  and  this  arm  in  turn, 
connects  with  the  ram  R  and  is  pivoted  at  its  lower  end.  As  the  crank 
gear  rotates,  a  vibrating  motion  is  given  {o  arm  N  which  imparts  a 
reciprocating  movement  to  the  ram.  The  amount  that  the  arm  moves 
and,  consequently,  the  stroke  of  the  ram,  is  governed  by  the  position 
of  the  crank-block  B  which  can  be  adjusted  toward  or  from  the  center 
of  the  gear  by  shaft  0.  This  shaft  connects  through  spur  and  bevel 
gears  with  a  screw  that  engages  the  orank-block  as  shown  in  the  cross- 
section  to  the  left.  The  stroke  can  be  changed  while  the  shaper  is  in 
motion,  and  the  pointer  G,  as  it  travels  along  the  stationary  scale 
H,  shows  the  length  of  the. stroke  in  inches  (see  also  Fig.  42).  The 
position  of  the  stroke  can  also  be  varied  (while  the  machine  is  in 
motion)  by  turning  handwheel  J  which  causes  screw  K  to  rotate  and 
shifts  the  position  of  block  L  with  relation  to  the  ram.  Before  making 
this  adjustment,  block  L.  which  is  ordinarily  clamped  to  the  ram,  is 
loosened  by  turning  lever  M.  By  means  of  this  adjustment  for  the 
position  of  the  stroke,  the  tool  is  made  to  move  back  and  forth  over 
that  part  of  the  work  that  requires  planing,  whereas  the  stroke  adjust- 
ment serves  to  change  the  travel  of  the  tool  according  to  the  length 
of  the   work. 

The  cross-rail  A  with  the  attached  slide  and  table,  is  adjusted  ver- 
tically on  the  face  of  the  column  by  a  telescopic  screw  Q,  which  is 
rotated  through  bevel  gears,  by  a  horizontal  shaft  operated  by  a  crank 
on  the  left  side  of  the  machine.  Before  making  this  vertical  adjust- 
ment, binder  bolts  at  the  rear  of  the  slide,  which  clamp  the  cross-rail 
•rigidly  to  the  column,  must  be  loosened,  and  the  column  ways  should 
also  be  cleaned  to  prevent  chips  or  dirt  from  getting  back  of  the 
slide.  The  outer  end  of  the  table  is  prevented  from  springing  down- 
ward when  taking  heavy  cuts,  by  a  shaft  U  which  rests  on  the  base  and 
can  be  adjusted  for  any  vertical  position  of  the  table. 

The  feeding  movement  of  the  work-table  for  each  stroke  of  the 
lam,  is  derived  from  a  slotted  crank  X  Fig.  42,  which  is  rotated  by 
gearing.  This  crank  is  connected  by  the  rod  shown,  with  a  pawl 
W.  As  the  crank  rotates,  this  pawl  engages  a  ratchet  gear  and  turns 
lead-screw  L,  thus  moving  the  work-table  along  the  cross-rail.  The 
amount  of  this  feeding  movement  for  each  stroke  of  the  ram,  is  varied 
by  adjusting  the  sliding  block  of  crank  X  toward  or  from  the  center. 
When  the  power  feed  Is  not  required,  it  is  disengaged  on  this  shaper 
by  turning  a  sleeve  around  beneath  the  pawl,  thus  preventing  the  latter 
from  engaging  the  ratchet  gear.  To  reverse  the  feed,  the  pawl  is  sim- 
ply given  a* half  turn,  which  causes  it  to  rotate  the  ratchet  when  moving 
in  the  opposite  direction. 

Od    this   particular   shaper   there   are   eight    speed   changes   for   the 
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ram.  Four  of  these  are  obtained  by  shifting  the  driving  belt  on  dif- 
ferent steps  of  the  cone-pulley  P  (Fig.  42),  and  this  number  is  doubled 
by  back-gears  inside  the  column  which  are  engaged  or  disengaged 
by  lever  Y.  Shapers  are  also  made  without  back-gears,  in  which  case 
the  number  of  speed  changes  equals  the  number  of  steps  on  the  driv- 
ing cone  pulley.    The  higher  speeds  are  used  when  the  tool  travel  or 

stroke  is  compara- 
tively short  and 
the  slow  speeds  for 
long  strokes.  If 
there  were  no  way 
o  f  changing  the 
speed  and  the  shap- 
er  made  the  same 
number  of  strokes 
per  minute  regard- 
less of  the  length, 
there  would,  of 
course,  be  a  wide 
variation  in  the 
cutting  speed  of 
the  tool.  This 
change  o  f  speed, 
however,  which  ac- 
companies a  change 
of  stroke,  only  oc- 
curs with  a  crank 
shaper,  the  cutting 
speed  of  a  geared 
or  rack  shaper  being  constant  for  any  length  of  stroke.  The  difference 
between  these  two  types  will  be  referred  to  later. 


Flff.  44.    An  Bxample  of  Shaper  Work 


Examples  of  Shaper  Work 

Most  of  the  work  done  in  the  shaper  is  either  held  in  the  vise  V 
(Fig.  42)  or  is  clamped  to  the  table  T,  which  is  provided  with  slots 
for  receiving  the  clamping  bolts.  The  vise  resembles  a  planer  vise, 
and  it  can  be  removed  readily  when  work  is  to  be  attached  directly  to 
the  table.  It  can  also  be  swiveled  to  any  angular  position  -by  loosen- 
ing nuts  n,  the  position  'being  shown  by  degree  graduations.  The 
table  of  this  particular  shaper  is  also  removable,  to  permit  clamping 
parts  directly  to  the  face  of  the  saddle  or  cross-slide  D,  which  also 
has  bolt-slots  in  the  front  face. 

Fig.  44  shows  an  example  of  the  kind  of  work  which  is  held  in  the 
vise.  The  part  illustrated  is  a  small  engine  slide  valve,  which  is  set 
up  for  planing  the  face  F.  After  the  casting  is  properly  located  in 
the  vise  and  the  tool  T  is  clamped  in  place,  the  shaper  is  started  and 
the  Btroke  adjusted  both  for  length  and  position,  to  give  the  tool  a 
movement  about  as  indicated  by  the  arrow  s.  The  tool  is  then  fed 
downward  to  the  work  and  the  latter  is  moved  crosswise,  by  hand, 
until  a  cut  of  the  right  depth  is  started;   the  automatic 
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engaged  by  dropping  the  feed-pawl  Into  mesh  with  the  ratchet  gear 
on  lead-screw  as  previously  explained. 

The  tools  used  in  a  shaper  are  similar  in  form  to  planer  tools,  though 
smaller.  When  taking  finishing  cuts  in  the  shaper,  broad  tools  and 
wide  feeds  cannot  be  used  to  the  same  extent  as  in  planer  work, 
because  the  shaper  is  less  rigid  and,  consequently,  there  is  a  greater 
tendency  for  the  tool  to  chatter. 

Fig.  45  shows  an  odd-shaped  casting  bolted  to  the  side  of  the  table 
for  planing  the  top  surface.    The  table,  in  this  case,  serves  the  same 


Fiflr.  46.    Casting-  of  Irregular  Shape 
bolted  to  Side  of  Table 


Flff.  40.    Table  removed  and  Casting 
Clamped  to  Croas-ellde 


purpose  as  an  angle-plate  on  the  planer,  and  the  method  of  holding 
the  casting  to  it  is  clearly  shown  in  the  illustration.  Clamp  C  simply 
forms  a  stop  for  supporting  the  outer  end  of  the  casting,  which  would 
otherwise  tend  to  sag  down  under  the  thrust  of  the  cut.  Work  that 
is  bolted  directly  to  the  table  is  held  by  practically  the  same  kind  of 
clamps  that  are  used  in  connection  with  planer  work. 

In  Fig.  46  the  table  is  shown  removed  and  a  casting  is  clamped  di- 
rectly to  the  face  of  the  cross-slide  for  planing  the  top  bearing  sur- 
face. This  is  an  illustration  of  the  class  of  work  that  can  be  held  to 
advantage  in  this  way.  When  setting  work  in  the  shaper,  a  surface 
gage  can  often  be  used  effectively  the  same  as  in  planer  work.  The 
tool  itself  can  also  be  employed  as  a  gage  for  setting  the  work  level, 
by  comparing  the  distance  between  the  surface  being  tested  and  the 

tool  point.    When  using  the  tool  in  this  way,  it  is  placed  close  to  the 
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work  and  the  latter  is  shifted  so  that  its  height  at  various  points  can 
be  determined. 

When  vertical  or  angular  surfaces  are  planed  in  the  shaper,  the 
tool  block  is  swiveled  so  that  the  top  of  the  block  inclines  away  from 
the  surface  being  planed,  to  avoid  any  interference  with  the  tool  on 
the  return  stroke,  as  explained  in  connection  with  planer  work.  The 
entire  tool  head  can  also  be  set  to  any  angle  for  planing  angular 
surfaces,  by  loosening  locking  bolt  h  (Fig.  42),  and  its  position  is 
shown  by  degree  graduations.    Some  shapers  have  an  automatic  verti- 


Flf.  47.    Morton  Draw-out  Bhapor 

cal  feed  for  the  tool  as  well  as  an  automatic  horizontal  feed  for  the 
work,  but  most  of  the  shapers  now  used  are  not  so  equipped,  the  tool 
being  fed  vertically  by  hand.  Both  the  horizontal  and  vertical  feed 
screws  of  the  machine  shown  in  Fig.  42,  have  graduated  collars  which 
are  used  when  it  is  desired  to  feed  the  tool  down  or  crosswise  a  defi- 
nite amount.  These  collars  have  graduations  representing  a  move- 
ment of  0.001  inch,  and  they  can  often  be  used  to  advantage  for  ad- 
justing the  tools. 

Back  Shaper— Draw- cut  Shaper— Special  Types 
A  shaper  of  the  type  illustrated  in  Fig.  42,  or  one  which  is  operated 
by  a  crank  and  slotted  lever,  is  known  as  a  crank  shaper  to  dis- 
tinguish it  from  the  rack  shaper  which  has  an  all-geared  drive.    The 
driving  mechanism  of  a  rack  shaper  is  similar  to  that^f  <a  spur-gear 
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type  of  planer.  The  ram  has  a  rack  on  its  under  side  and  it  is 
driven  by  a  gear  which  meshes  with  this  rack.  The  movement  of  the 
ram  is  reversed  either  by  open-  and  cross-belts  which  are  alternately 
shifted  on  tight  and  loose  pulleys,  or  by  friction  clutches,  which  alter- 
nately engage  the  forward  and  return  pulleys.  The  length  of  the 
stroke  is  controlled  by  adjustable  tappets. 

The  shaper  illustrated  in  Fig.  47  differs  from  the  ordinary  type 
in  that  the  tool  tuts  when  it  is  moving  towards  the  column  of  the 
machine.  In  other  words,  the  tool  is  pulled  or  drawn  through  the 
metal  on  the  cutting  stroke  instead  of  being  pushed.  For  this  reason 
the  name  "draw-cut"  is  applied  to  a  shaper  of  this  type.  The  planing 
tool  is,  of  course,  set  with  the  cutting  edge  reversed.  The  ram  of  this 


Plflr.  48.    Planing  End  of  20-ton  Steel  Roll,  with  Shaper  having 
Side-traversing  Tool-head 

machine  is  driven  by  a  rack  and  gearing,  and  the  reciprocating  motion 
is  obtained  by  open-  and  cross-belts.  The  forward  motion  pulley  is  on 
one  side  of  the  column  and  the  reverse  pulley  on  the  other.  These 
pulleys  are  alternately  engaged  by  friction  clutches,  and  the  length  of 
the  stroke  is  regulated  by  adjustable  tappets  mounted  on  the  circular 
disk  seen  near  the  top  of  the  column.  There  is  also  a  hand  lever  for 
reversing  the  ram  at  any  part  of  the  stroke. 

The  object  in  designing  a  shaper  to  take  a  draw  cut  is  to  secure 
greater  rigidity  and,  consequently,  a  higher  degree  of  accuracy.  The 
thrust  of  the  cut  is  toward  the  column  and  this  tends  to  relieve  the 
cross-rail  from  excessive  strains,  especially  when  taking  deep  cuts. 

Shapers  of  special  types  are  also  built  in  a  number  of  different  de- 
signs which  are  varied  to  suit  oertain  classes  of  work.  These  differ 
from  the  standard  types  either  in  the  motion  of  the  ram  relative  to 
the  work-table  or  in  having  a  greater  range  of  adjustment  which  adapts 
them  to  work  which  could  not  be  handled  in  an  ordinary 
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A  shaper  is  shown  In  Fig.  48,  which  is  provided  with  a  cross  tra- 
verse for  the  tool-head.  The  advantage  of  this  feature,  for  certain 
classes  of  work,  is  indicated  by  the  illustration.  The  regular  table  has 
been  removed,  and  the  end  of  a  20-ton  steel  roll  is  being  planed.  The 
traversing  head  enables  horizontal  cuts  to  be  taken  over  the  work 
which  remains  stationary.  This  shaper  is  a  special  design  built  by 
Gould  ft  Eberhardt,  and  it  can  be  used  to  advantage  on  large,  un- 
wieldy parts  such  as  the  one  illustrated. 


CHAPTER  VI 


THE  SLOTTING  MACHINE 

The  slotting  machine  or  "slotter,"  as  it  is  commonly  called,  is  a 
vertical  machine  and  is  adapted  to  cutting  keyways  in  the  hubs  of 
flywheels  or  pulleys  and  for  finishing  slots  or  other  enclosed  parts 
which  could  not  be  finished  by  the  tool  of  a  horizontal  machine  like 
the  planer  or  shaper.  The  slotter  is  also  used  for  various  other  classes 
of  work,  requiring  flat  or  curved  surfaces,  which  can  be  machined  to 
better  advantage  by  a  tool  which  moves  vertically.  The  ram  R  of  the 
slotter,  to  which  the  planing  or  slotting  tool  is  attached  (see  Fig.  49), 
has  a  vertical  reciprocating  movement  at  right  angles  to  the  work 
table.  This  vertical  movement  is  obtained  from  a  crank  disk  D  which 
is  connected  to  the  slotter  ram  by  a  link  and  is  driven  by  a  cone 
pulley  P  and  the  large  gearing  seen  at  the  rear.  The  tool  is  fastened 
to  the  end  of  the  ram  by  the  clamps  shown,  and  the  work  is  secured 
to  the  platen  T.  There  are  two  sets  of  clamps  on  the  ram  so  that 
the  tool  can  be  held  in  a  vertical  or  horizontal  position.  The  tools 
used  for  keyseating  or  finishing  slots,  are  held  in  a  vertical  position, 
whereas  larger  surfaces  which  can  readily  be  reached,  are  planed  by 
a  tool  held  horizontally  against  the  end  of  the  ram.  The  platen  T 
can  be  moved  crosswise  along  the  saddle*  8  and  the  latter  can  be  tra- 
versed at  right  angles  along  the  bed.  In  addition,  the  platen  can  be 
rotated  about  its  center  for  slotting  circular  surfaces.  These  three 
movements  can  be  effected  by  hand  or  power.  The  lengthwise  adjust- 
ment on  the  bed  is  effected  by  turning  squared  shaft  A  with  a  crank; 
similarly,  squared  shaft  B  is  used  for  moving  the  platen  crosswise. 
The  platen  is  rotated  by  turning  shaft  C.  The  automatic  power  feed 
for  these  three  movements  is  derived  from  the  cam  E  on  the  inner 
side  of  the  large  driving  gear.  This  cam  is  engaged  by  a  roller  on 
the  end  of  lever  F  and  whenever  the  ram  or  tool  is  at  the  top  of 
its  stroke,  an  irregular  place  in  the  cam  track  causes  lever  F  to  oscil- 
late. This  movement  is  transmitted  by  connecting  link  and  shaft  G 
at  the  side  of  the  bed,  to  the  slotted  crank  H.  This  crank  turns  the 
large  gear  /  slightly  for  each  stroke  of  the  ram,  by  means  of  a  ratchet 
disk  carrying  a  double-ended  pawl  K  which  engages  the  gear.  Gear 
/,  in  turn,  transmits  the  movement  through  the  intermediate  gears 
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shown,  to  either  of  the  three  feed  shafts.  If  a  power  feed  along  the 
bed  is  wanted,  gear  /  is  placed  on  the  feed-shaft  A,  as  shown  in  the 
illustration.  On  the  other  hand,  if  a  cross  feed  is  desired,  gear  /  is 
inserted  on  shaft  B  and,  similarly,  the  rotary  feed  is  obtained  by  plac- 
ing this  same  gear  on  shaft  C.  The  amount  of  feed  is  varied  by  chang- 
ing the  position  of  the  crankpin  at  Hf  and  the  direction  of  the  feed 
is  reversed  by  shifting  the  double-ended  pawl  K.  The  stroke  of  the 
ram  is  varied  by  adjusting  the  crankpin  of  disk  D,  to  or  from  the 
center.    The  vertical  position  of  the  ram  is  changed  so  that  the  tool 


Fiff.  40.    Betts  Slotting  Machine 

will  operate  in  the  right  relation  to  the  work,  by  loosening  nut  L  and 
moving  the  ram  up  or  down  by  turning  shaft  M  with  a  hand  ratchet. 
The  ram  is  counterbalanced  by  a  weight  W  and  it  has  a  quick  return 
movement  for  the  upward  or  idle  stroke. 

A  typical  example  of  the  kind  of  work  done  on  the  slotter  is  shown 
in  Fig.  50  which  illustrates,  diagrammatically,  the  slotting  of  a  locomo- 
tive driving-wheel  box.  The  side  and  top  views  at  A,  indicate  how 
the  inner,  sides  of  the  box  are  finished.  The  work  is  set  on  parallel 
strips  s  to  provide  clearance  for  the  "tool  at  the  lower  end  of  the  stroke, 
and  it  is  secured  to  the  platen  by  four  clamps.  The  stroke  of  the  ram 
R  should  be  about  one  inch  greater  than  the  width  of  the  surface  to 
be  slotted  and  most  of  the  clearance  between  the  tool  and  the  work 
should  be  at  the  top  of  the  stroke  where  the  feeding  movement  takes 
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place.  When  the  stroke  is  adjusted,  the  ram  is  placed  in  its  lowest 
position  and  it  is  lowered  until  the  end  is  a  little  above  the  top  of  the 
work.  The  tool  is  extended  below  the  end  of  the  ram  far  enough  to 
allow  the  cutter  c  to  reach  through  the  box  when  at  the  bottom  of 
the  stroke.  The  line  previously  scribed  on  the  work  to  show  the 
location  of  the  finished  surface,  is  next  set  parallel  to  the  cross  travel 
of  the  platen.  This  can  be  done  by  comparing  the  movement  of  the 
line  with  relation  to  the  stationary  tool-point  while  the  work  is  fed 


Fig1.  50.    Example  of  Straight  and  Circular  Slotting 

laterally  by  hand.  If  adjustments  are  necessary,  these  can  be  made 
by  swiveling  the  platen  one  way  or  the  other  as  required.  When 
the  \vorl»  is  set,  the  platen  is  locked  to  the  saddle  by  clamps 
provided  for  that  purpose.  The  cut  is  started  at  one  end  as  shown  in 
the  plan  view  and  the  side  is  planed  by  the  vertical  movement  of  the 
tool  combined  with  the  lateral  feeding  movement  of  the  platen  and 
work.  The  opposite  side  is  slotted  without  disturbing  the  position  of 
the  work  by  simply  turning  the  tool  half  way  around.  The  sketch  at 
B  indicates  how  the  curved  seat  for  the  brass  journal  is  finished.  The 
radius  of  the  seat  is  shown  by  a  scribed  line  which  must  be  set  con- 
centric with  the  center  or  axis  about  which  the  platen  rotates.  The 
platen  must  also  be  adjusted  laterally  and  longitudinally,  if  necessary, 
until  the  tool  will  follow  the  finish  line  as  the  work  feeds  around. 
The  position  of  the  work  soon  after  the  cut  is  started  is  shown  in 
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the  plan  view  by  the  full  lines,  and  the  dotted  lines  indicate  how  the 
box  feeds  around  while  a  cut  is  being  taken  across  the  circular  seat 
After  the  slotter  is  set  in  motion,  the  cut  is  started  by  hand  and  then 
the  power  feed  is  engaged.  The  finish  lines  on  work  of  this  kind  us- 
ually serve  merely  as  a  guide  and  the  final  measurements  are  deter- 
mined by  calipers  or  special  gages. 

A  number  of  duplicate  parts  can  sometimes  be  slotted  simultane- 
ously by  clamping  one  piece  above  the  other  in  a  stack  or  pile.  The 
tool  then  .planes  the  entire  lot  to  the  same  shape.  This  method  only 
applies  to  work  which  can  readily  be  stacked  up. 

Some  of  the  tools  used  to  the  slotter  are  illustrated  in  Fig.  51. 
Those  shown  at  A,  B  and  C  are  forged  from  the  solid  bar  and  have 
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Vlg.  61.    Some  of  the  Tools  used  for  Blotting 

cutting  edges  formed  on  the  ends,  whereas  tool  D  consists  of  a  heavy 
bar  in  which  a  small  cutter  t  is  inserted.  Tools  A  and  B  are  used 
principally  for  slotting  interior  surfaces,  where  there  is  little  room  for 
the  tool  to  operate.  For  exterior  slotting,  or  whenever  there  is  plenty 
of  room,  tool  D  is  preferable  because  it  is  more  rigid.  The  cutting  end 
of  tool  B  Is  inclined  to  the  right  or  left  (as  indicated  by  the  end 
view)  for  working  in  corners,  etc.  The  position  of  tool  D,  which  has 
a  round  shank  ft,  can  be  varied  by  turning  It  in  clamps  at  the  upper 
end  which  hold  it  to  the  slotter  ram.  The  cutter  t  is  held  by  setscrew 
e  In  a  pivoted,  spring-relief  block  which  allows  the  tool  point  to 
swing  away  from  the  work  on  the  upward  stroke.  The  tool  tends  to 
spring  away  from  the  work  on  the  downward  or  cutting  stroke,  and  if 
there  is  no  relief  movement,  it  drags  heavily  over  the  planed  surface 
on  the  upward  stroke.  Tool  C  is  used  for  cutting  keyways  or  narrow 
slots.  These  tools  have  a  slope  s  at  the  end  and  the  front  side  Is 
ground  to  a  clearance  angle  c.  The  direction  of  the  slope  at  the 
end  (which  is  the  surface  against  which  the  chips  bear  while  being 
severed)  is  away  from  the  cutting  edge,  and  this  is  a  rule  which  ap- 
plies generally  to  tools  for  turning  or  planing  iron  or  steel. 
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UPRIGHT  DRILLING  MACHINES 

In  the  construction  of  practically  all  machinery,  a  great  many  hole* 
have  to  be  drilled  owing  to  the  extensive  use  of  bolts  and  studs  for 
holding  the  various  parts  together.  The  drilling  machines  or  "drill 
presses,"  as  they  are  often  called,  which  are  used  for  drilling  these 
holes,  are  made  in  many  different  types  which  are  designed  for  han- 
dling different  classes  of  work  to  the  best  advantage,  and  the  various: 


Fig.  1.    DrUl  Spindle  Feeding  and  Automatic  Trip  Meohanlam 

types  are  also  built  in  a  great  variety  of  sizes,  as  the  most  efficient 
results  can  be  obtained  with  a  machine  that  is  neither  too  small  nor 
too  large  and  unwieldly  for  the  work  which  it  performs. 

An  upright  drill  press  of  medium  size  is  shown  in  Fig.  2.  The  drill 
Itself  is  inserted  in  the  end  of  spindle  &,  and  when  the  machine  is  in 
use,  this  spindle  is  fed  downward  either  by  hand  or  power,  thus  causing 
the  revolving  drill  to  cut  a  hole  into  the  work.  The  spindle  is  driven 
by  a  horizontal  shaft  B  connecting  with  a  cone  pulley  P,  which  is 
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driven  by  belt  from  a  lower  cone  pulley  P,.  The  shaft  on  which  the 
lower  cone  pulley  is  mounted,  is  rotated  by  a  belt  from  an  overhead 
countershaft.     The  machine  is  started  by   shifting  this  driving  belt 
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Fiff.  2.    Hamilton  Uprlarht  Drilling  Machine 

from  the  loose  pulley  C  to  the  "tight  pulley"  D  which  is  keyed  to  the 
shaft,  and  the  position  of  the  belt  is  controlled  by  handle  A.  The  speed 
of  the  spindle  must  be  varied  according  to  the  diameter  of  the  hole 
being  drilled,  the  speed  being  increased  as  the  diameter  diminishes. 
To  obtain  these  speed  variations,  the  belt  connecting  pulleys  P  and  Px 
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is  shifted  to  steps  of  different  diameter.  The  range  of  speeds  obtained 
in  this  way  can  be  doubled,  on  this  particular  machine,  by  back-gears 
located  just  in  front  of  the  upper  pulley.  When  these  gears  are  not 
in  use,  shaft  B  is  coupled  direct  to  cone  pulley  P  by  means  of  a  sliding 
clutch  N  (see  the  detail  view  Pig.  3),  but  when  the  back-gears  are 
shifted  into  engagement  by  operating  lever  E,  the  clutch  is  disengaged 
and  the  cone  pulley  drives  shaft  B  through  train  of  gears  a,  ft,  c  and 
d.  The  fastest  speed  obtained  with  the  back-gears  engaged,  is  slower 
than  the  slowest  speed  when  driving  direct,  so  that  a  gradually  in- 
creasing range  of  eight  speeds  is  available. 

As  the  illustration  shows,  the  connection  between  shaft  B  and  the 
spindle  is  made  by  bevel  gears.    The  spindle  is  free  to  move  vertically 


Flff.  8.    Back-gearing-  and  Feed  Change-gears  of  Upright  Drilling-  Machine 

through  the  large  bevel  gear,  and  the  lower  end  is  steadied  by  the  head 
H,  (Fig.  2)  which  is  clamped  to  the  column  and  can  be  adjusted  to 
different  heights.  The  work-table  T  can  also  be  adjusted  vertically  on 
the  column  to  suit  the  height  of  the  work,  and  it  can  be  swung  to  one 
side  when  a  large  heavy  part  is  to  be  supported  directly  on  the  base. 
After  the  work  is  clamped  to  the  table,  it  can  be  adjusted  for  drilling 
at  any  point  by  swinging  the  table  about  the  column  and  also  by  turning 
the  table  about  its  own  center.  When  the  table  is  properly  adjusted, 
it  can  be  clamped  to  the  arm  and  the  arm  to  the  column  by  the  bolts 
shown. 

The  power  feed  for  the  spindle  is  driven  by  a  belt  operating  on  pul- 
leys F  and  F,.  Pulley  F,  is  mounted  on  a  shaft  carrying  a  cone  of  gears 
O  any  one  of  which  can  be  locked  to  the  shaft  by  changing  the  position 
of  "pull-pin"  G.    These  gears  are  in  mesh  with  corresponding  gears  on 
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shaft  /,  which  rotates,  through  bevel  and  worm-gearing,  a  pinion  mesh- 
ing with  rack  R  attached  to  the  quill  in  which  the  spindle  revolves. 
As  this  pinion  rotates,  the  quill  and  spindle  are  moved  vertically  and  the 
amount  of  this  movement  for  each  revolution  can  be  varied  by  shifting 
pull-pin  Q.  For  example,  when  a  large  gear  in  the  cone  0  is  locked 
and  becomes  the  driving  gear  (by  changing  the  position  of  the  pull- 
pin),  the  feed  or  vertical  movement  of  the  spindle  is  more  rapid  than 
when  the  power  is  transmitted  by  one  of  the  smaller  gears.  The  driving 
gear  is  locked  by  a  key  attached  to  the  pull-pin,  and  as  this  key  can 
only  engage  one  gear  at  a  time,  the  others  revolve  idly  on  the  shaft. 
The  power  feed  is  engaged  or  disengaged  by  tightening  or  loosening 
a  knurled  nut  /,  which  controls  a  friction  clutch  that  connects  or  dis- 
connects bevel  gear  K  with  the  worm-shaft.  When  the  power  feed  is 
disengaged,  the  spindle  can  be  moved  up  or  down  by  turning  hand- 
wheel  L.  On  some  drilling  machines,  the  vertical  feed  shaft  /  is  driven 
direct  by  a  belt  operating  on  cone  pulleys  and  the  feed  changes  are 
obtained  by  shifting  this  belt.  The  spindles  of  small  drill  presses 
usually  have  only  the  hand  feed  as  the  power  feed  is  unnecessary  when 
the  holes  to  be  drilled  are  small  and  not  very  deep;  furthermore  such 
holes  can  be  drilled  more  rapidly  when  the  spindle  is  fed  by  hand. 

The  machines  equipped  with  power  feed  usually  have  some  sort  of 
trip  mechanism  which  can  be  set  to  automatically  disengage  the  feed 
when  a  hole  has  been  drilled  to  the  required  depth.  The  automatic 
trip  or  stop  on  the  machine  illustrated  in  Fig.  2  is  shown  in  detail 
in  Fig.  1.  This  trip  has  an  adjustable  collar  T,  the  position  of  which 
controls  the  depth  of  the  hole  drilled  or  the  point  at  which  the  feed 
is  disengaged.  This  disengagement  is  effected  as  follows:  When  collar 
T  strikes  the  latch  U>  lever  V  is  disengaged  and  worm  W  drops  out  of 
mesh  with  its  wheel,  thus  stopping  the  feed.  The  spindle  can  then  be 
raised  quickly  for  drilling  a  new  hole,  by  turning  handle  Q  whicn  is 
provided  for  that  purpose.  The  automatic  trip  mechanism  prevents 
drilling  holes  deeper  than  they  should  be,  after  it  is  properly  set,  and 
close  attention  on  the  part  of  the  operator  Is  not  required. 

These  are  the  principal  features  of  an  upright  drill  press  which,  in 
many  respects,  is  a  typical  design.  Before  referring  to  drilling  ma- 
chines of  other  types,  some  examples  of  drilling  will  be  described. 
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CHAPTER  II 

DRILLING,  REAMING,  COUNTBRBORINa 
AND  TAPPING 


A  simple  example  of  drill-press  work  is  shown  in  Fig.  5,  which  illus- 
trates a  steel  link  that  is  to  have  holes  drilled  in  the  ends.  We  shall 
assume  that  the  location  of  these  holes  is  indicated  by  circles  previously 
drawn  with  dividers  and  dotted  lightly  to  more  clearly  show  their  loca- 
tion. The  centers  of  these  circles  should  first  be  enlarged  with  a  center- 
punch  to  form  a  starting  point  for  the  drill.  When  a  part  to  be  drilled 
is  quite  heavy  and  the  holes  are  comparatively  small,  it  is  often  un- 
necessary to  clamp  the  work  to  the  drill  press  table  though,  as  a  rule, 


Flff.  4.    Method  of  Holding  and  Driving  Taper-shank  Drills. 
Drilling-head  of  Upright  Machine 

it  is  better  to  use  one  or  more  clamps,  depending  on  the  shape  and  size 
of  the  work.  A  method  of  holding  this  particular  part  without  using 
any  special  clamping  appliances,  is  shown  in  Fig.  4.  The  end  to  be 
drilled  is  held  by  a  clamp  and  a  stop  d  is  placed  against  one  side  of  the 
work  to  prevent  it  from  rotating  with  the  drill. 

The  drill  itself  is  inserted  either  directly  in  the  spindle  or  in  a  socket, 
as  will  be  explained  later.  The  type  of  twist  drill  commonly  used  is 
shown  at  A  in  Fig.  6.  It  has  two  beveled  cutting  edges  e  at  the  end, 
formed  by  the  two  spiral  grooves  or  flutes,  and  the  part  «.  called  the 
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shank,  is  made  to  a  standard  taper.  The  size  of  the  shank  Is  the  same 
on  all  drills  up  to  a  certain  diameter,  and  then  a  larger  shank  is  used 
for  another  range  of  sizes,  and  so  on.  In  the  Morse  system  of  tapers, 
which  Is  universally  used  for  twist-drill  shanks,  the  sizes  are  desig- 
nated -by  numbers.    For  this  particular  operation,  the  drill  would  per- 


Flff.  6.    Example  of  Drill-pi 


haps  be  large  enough  to  permit  inserting  it  directly  in  the  spindle  as 
shown  at  A  in  Fig.  4,  though  this  would  depend  on  the  number  or  size 
of  the  taper  hole  in  the  spindle.  On  the  other  hand,  if  a  comparatively 
small  drill  were  to  be  used,  it  might  be  necessary  to  place  a  socket  «t 
(see  sketch  B)  in  the  spindle  and  insert  the  drill  in  the  end  of  this 
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Fig.  O.  (A)  Twist  Drill.  (B).Bolid  Counterbore.   (C)  Couaterbore 
with  Inserted  Blade 

socket.  The  drill  is  caused  to  rotate  with  the  spindle  or  socket,  princi- 
pally ny  a  flat  end  or  tang  t  on  the  shank,  which  engages  a  cross-slot 
at  the  end  of  the  taper  hole,  as  shown.  As  the  taper  of  the  shank 
corresponds  with  the  taper  of  the  hole  in  the  spindle  or  socket,  the  drill 
is  also  driven  partly  by  friction. 


Digitized  by 


Google 


UPRIGHT  DRILLING  MACHINES  9 

When  the  drill  is  in  place,  it  is  fed  down  by  hand-wheel  L  for  starting 
the  hole.  If  the  work  is  clamped  in  position,  it  is  adjusted  for  drilling 
at  the  proper  place,  by  turning  the  table  about  its  own  center  and 
swinging  the  supporting  arm  about  the  column.  When  the  drill  begins 
to  cut,  the  location  of  the  hole  with  reference  to  the  scribed  circle 
should  be  noted.  If  the  hole  starts  off  center,  as  at  A,  Fig.  7,  a  groove 
should  be  cut  down  that  side  which  Is  farthest  from  the  circle  (see 
sketch  B)  by  using  a  gouge  and  hammer,  the  proper  depth  of  this 
groove  depending  on  the  amount  that  the  hole  is  off  center.  This 
operation  is  repeated,  if  necessary,  so  that  the  drill  will  be  concentric 
with  the  circle  (as  at  C)  Just  before  it  begins  to  cut  to  the  full  diam- 
eter. The  power  feed  is  then  engaged  by  tightening  knob  J.  When 
the  work  rests  directly  on  the  table,  as  in  this  case,  the  end  to  be 
drilled  should  be  set  over  a  slot  or  hole,  to  prevent  the  drill  from 
cutting  the  taible  when  it  comes  through  on  the  lower  side.  The  table 
and  arm  should  also  be  clamped  after  they  are  properly  set.  Drills  or 
sockets  are  removed  by  a  taper  center-key  or  drift  k,  Fig.  4,  which  is 


Tiff-  7.    Method  of  Storting-  Drill  Concentric  with  Scribed  Circle 

driven  in  a  cross-slot  above  the  tang,  as  the  illustration  indicates. 
When  drilling  steel  or  wrought  iron,  the  drill  point  should  be  kept 
lubricated.  Sperm  or  lard  oil  may  be  used,  and  soda  water,  which  is 
made  by  dissolving  sal  soda  in  water,  is  also  extensively  used  for 
lubricating  purposes.  Cast  iron  and  brass  are  drilled  without  a 
lubricant. 

Finishing  Holes  by  Reaming 

Drilled  holes  are  not  always  round  or  straight  and  the  diameters 
vary  to  some  extent,  especially  when  the  drill  used  is  sharpened  by 
hand,  so  that  when  accurate  holes  are  required,  the  drilled  hole  is 
finished  by  reaming  to  secure  smooth  straight  holes  of  uniform  diam- 
eter. Holes  for  bolts  that  must  fit  accurately  are  often  finished  in 
this  way,  though  on  some  classes  of  work,  which  does  not  need  accu- 
rately fitting  bolts,  a  drill  slightly  larger  than  the  (bolt  body  is  used 
and  the  reaming  operation  is  omitted. 

Three  different  styles  of  reamers  are  shown  in  Fig.  8.  The  style  of 
reamer  shown  at  A,  which  is  known  as  the  fluted  type,  cuts  along  the 
edges  ar-b  and  it  has  a  taper  shank  similar  to  a  drill  shank,  which  is 
Inserted  in  the  spindle.     This  reamer  will  produce  a  smooth  accurate 
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hole,  but  It  is  not  adapted  to  removing  much  metal,  and  the  diameter 
of  the  drilled  hole  should  not  be  more  than  0.010  or  0.015  inch  under 
the  finished  size.  The  speed  for  reaming  should  be  much  slower  than 
for  drilling,  and  a  fluted  reamer  should  not  be  forced  too  hard,  as  both 
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Fig1.  8.    Reamers  of  Different  Styles 

the  tool  and  work  may  be  injured.  Another  type  of  reamer  is  shown 
at  B.  This  is  called  a  rose  reamer  and  it  differs  from  the  fluted  type 
in  that  the  cutting  is  all  done  by  the  beveled  edges  at  the  end.  The 
fluted  cylindrical  body,  back  of  the  cutting  edges,  fits  closely  into  the 


Flff.  9.   (A)  Packing  Oland.    (B)  DrUl  Jig  for  aland 

reamed  hole  and  guides  the  cutting  end.  This  reamer  will  remove 
more  metal  than  the  fluted  type  and  it  is  used  for  enlarging  holes,  as 
well  as  for  truing  drilled  holes.  When  very  accurate  and  smooth  holes 
are  necessary,  the  fluted  reamer  is  ordinarily  used,  but  for  general  pur- 
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poses  the  rose  reamer  is  preferable,  especially  for  "machine  reaming" 
When  jigs  are  used.  If  a  fluted  reamer  is  guided  by  a  hardened  jig 
bushing,  the  cutting  edges  will  be  dulled  more  or  less,  depending  on 
the  alignment  between  the  drilled  hole  and  bushing  and  the  resulting 
side  thrust  on  the  reamer.  On  the  other  hand,  the  rose  reamer  cannot 
be  injured  by  the  guide  bushing  as  the  cutting  edges  are  on  the  end 

only.  The  shell 
type  of  rose  reamer 
shown  at  C  has  an 
arbor  on  which  the 
shell  reamer  is 
mounted.  The  ad- 
vantage of  this  ar- 
rangement Is  that 
reamers  o  f  differ- 
ent sizes  can  be 
held  on  the  same 
arbor. 

When  a  very  ac- 
curate hole  is  re- 
quired, it  is  good 
practice  to  ream  by 
hand.  One  method 
would  be  to  first 
drill  and  rough 
ream  the  hole  to 
within  a  few  thou- 
sandths inch  of  the 
finished  size,  and 
then  finish  by  us- 
ing a  hand  reamer 
D.  In  order  to 
keep  the  reamer  in 
alignment  with  the 

Pi*.  lO.    DriU-pre«  of  the  Wh-1-  end  Lever-feed  Type  j^  especially 

when  starting,  the  upper  end  is  sometimes  supported  by  a  conical  cen- 
ter which  is  inserted  in  the  spindle. 

Drilling'  by  the  Use  of  Jigs 

Another  example  of  drill-press  work  is  shown  at  A,  Fig.  9,  which 
illustrates  an  engine  packing  gland  that  is  to  have  three  holes  drilled 
through  the  flange  as  indicated  by  the  dotted  lines.  This  work  could 
be  done  by  laying  out  the  three  holes  and  proceeding  as  described  in 
the  foregoing  in  connection  with  the  link  illustrated  in  Fig.  5,  but  if 
a  large  number  of  these  glands  were  to  be  drilled,  it  would  be  much 
better  to  use  a  jig  for  propenly  locating  the  drill  with  reference  to 
the  work,  without  any  preliminary  laying  out  operation.  A  simple 
form  of  jig  for  drilling  this  flange  is  shown  at  B.  This  jig  has  three 
holes  for  guiding  the  drill,  and   one  side  is  provided  with  a  round 
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projection  I  which  fits  closely  the  hole  in  the  gland,  in  order  to  locate 
the  jig  in  a  central  position.  The  method  of  using  the  jig  is  shown 
in  Fig.  10.  The  gland  G  with  "the  jig-  J  placed  on  it,  is  clamped  to  the 
table  (in  this  particular  instance)  by  a  single  clamp  and  bolt  in  the 
center,  and  the  holes  are  drilled  by  feeding  the  drill,  successively, 
through  the  three  holes  in  the  jig.  It  will  be  seen  that  the  use  of  a 
jig  not  only  saves  time,  but  also  insures  accurate  and  uniform  work, 
for  naturally  if  a  number  of  these  glands  were  drilled  without  a  jig  and 
by  simply  laying  out  the  holes,  more  time  would  be  required  and  there 
would  also  be  some  variation  in  the  location  of  the  holes.  As  the 
result  of  the  uniformity  obtained  by  the  use  of  jigs,  corresponding 
parts  are  drilled  so  near  alike  that  they  will  interchange,  which  is  a 
great  aid  in  assembling  a  machine  and  also  makes  It  possible  to  easily 
replace  a  broken  member. 
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Piff.  11.    Fixed  and  Removable  Guide  Bushing*  for  DrlU  Jigs 

The  holes  in  jigs  are  ordinarily  lined  with  hardened  steel  bushings 
to  eliminate  wear.  These  guide  bushings  fit  the  drill  closely  and  keep 
it  in  the  proper  position.  Some  jigs  have  fixed  guide  bushings  and 
others  removable  bushings.  A  fixed  bushing  is  shown  by  the  sectional 
view  at  A,  Fig.  11,  which  also  indicates  how  the  drill  is  guided  while 
it  is  drilling  the  work  w.  Jigs  are  equipped  with  removable  bushings 
when  drills  of  a  different  size  are  to  be  used,  or  when  the  drilled 
holes  are  to  be  finished  by  reaming.  For  example,  if  a  hole  is  to  be 
drilled  and  reamed,  a  removable  (bushing  is  used  that  fits  the  drill,  as 
shown  at  B,  and  this  is  replaced  by  a  bushing  that  fits  the  reamer,  as 
shown  at  C.  As  previously  intimated,  a  jig  is  only  made  when  there 
are  quite  a  number  of  parts  to  be  drilled,  as  otherwise  the  saving  ef- 
fected by  it  would  be  more  than  offset  by  the  expense  of  making  it. 

The  ring-shaped  jig  shown  at  A  in  Fig.  12  is  used  for  drilling  the 
stud  bolt  holes  in  a  cylinder  flange  and  also  for  drilling  the  cylinder 
head,  which  is  bolted  to  the  cylinder.  The  position  of  the  jig  when 
the  cylinder  flange  is  being  drilled,  is  shown  at  B.  An  annular  pro- 
jection on  the  jig  fits  closely  in  the  cylinder  counterbore,  as  the  illus- 
tration shows,  to  locate  the  jig  concentric  with  the  bore.    As  the  holes 
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in  the  cylinder  are  to  be  tapped  or  threaded  for  studs,  a  "tap  drill/' 
which  is  smaller  in  diameter  than  the  bolt  body,  is  used  and  the  drill  is 
guided  by  a  removable  bushing  b  of  the  proper  size.  Jigs  of  this  type 
are  often  held  in  position  by  inserting  an  acurately  fitting  plug 
through  the  jig  and  into  the  first  hole  drilled,  which  prevents  the  jig 
from  turning  with  relation  to  the  cylinder,  when  drilling  the  other 
holes.  When  the  jig  is  used  for  drilling  the  head,  the  opposite  side 
is  placed  next  to  the  work  as  shown  at  C.  This  side  has  a  circular  re- 
cess or  counterbore,  which  fits  the  projection  on  the  head  to  properly 
locate  the  jig.  As  the  holes  in  the  head  must  be  slightly  larger  in  di- 
ameter than  the  studs,  another  size  drill  and  a  guide  bushing  of  cor- 


Fig".  12.    Jiff  for  Cylinder  Flanffe  and  Head,  and  Me  AppUcatlon 

responding  size  is  used.     The  cylinder  is,  of  course,  bored  and   the 
head  turned  before  the  drilling  is  done. 

Jigs  of  the  Box  Type 
As  the  use  of  drill  jigs  makes  it  possible  to  perform  drilling  oper- 
ations quickly  as  well  as  accurately,  jigs  are  used  very  extensively  in 
all  modern  shops.  Those  shown  in  Figs.  9  and  12,  represent  a  very 
simple  type  that  is  often  used  for  drilling  flanges,  plates  or  similar 
parts.  Jigs  of  this  clas3,  as  well  as  those  of  other  types,  are  made  in 
a  great  variety  of  shapes,  and,  when  in  use,  they  are  either  applied 
to  the  work  or  the  latter  is  placed  in  the  jig.  When  the  work  is  quite 
large,  the  jig  is  frequently  placed  on  it,  whereas  small  parts  are  more 
often  held  in  the  jig,  which  is  so  designed  that  the  work  can  be 
clamped  in  the  proper  position.  The  form  of  any  jig  depends,  to  a 
great  extent,  on  the  shape  of  the  work  for  which  it  is  intended  and 
also  on  the  location  of  the  holes  to  be  drilled.  As  the  number  of  dif- 
ferently shaped  pieces  which  go  to  make  up  even  a  single  machine,  is 
often  very  great,  and,  as  most  parts  require  more  or  less  drilling,  jigs 
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are  made  in  an  almost  endless  variety  of  sizes  and  forms.  When  all 
the  holes  to  be  drilled  in  a  certain  part  are  parallel,  and  especially  if 
they  are  all  in  the  same  plane,  a  very  simple  form  of  jig  can  ordinarily 

be  used;  in  fact,  jigs  for 
work  of  this  class  are  often 
little  more  than  flat  plates 
having  the  necessary  guide 
bushings  and,  perhaps,  one 
or  two  clamps  for  holding 
the  jig  and  work  together.  A 
great  many  parts,  however, 
must  he  drilled  on  different 
sides  and,  frequently,  the 
work  is  very  irregular  in 
shape,  so  that  a  jig  which  is 
made  somewhat  in  the  form 
of  a  box,  and  encloses  the 
work,  is  very  essential,  as  it 
enables  the  guide  bushings  to 
be   placed   on  all  sides  and 

F iff.  13.    Drill  Jiff  of  the  Box  Type  -        .  ..         __  ..      . 

also  makes  it  comparatively 
easy  to  locate  and  securely  clamp  the  part  in  the  proper  position  for 
drilling.  This  type  of  jig,  which,  because  of  its  form,  is  known  as  a 
"box- jig,"  is  used  very  extensively. 


Fig.  14.    Box  Jiff  for  Drlllinff  BaU  shown  enlexffed  at  A 

A  box  jig  of  simple  design  is  shown  in  Fig.  13.  This  particular  jig 
is  used  for  drilling  four  small  holes  in  a  part  (not  shown)  which  is 
located  with  reference  to  the  guide  bushings  B,  by  a  central  pin  A 
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attached  to  the  Jig  body.  This  pin  enters  a  hole  in  the  work,  which 
is  finished  in  another  machine  in  connection  with  a  previous  oper- 
ation. After  the  work  is  inserted  in  the  jig,  it  is  clamped  by  closing 
the  cover  C,  which  is  hinged  at  one  end  and  has  a  cam-shaped  clamp- 
ing latch  D  at  the  other,  that  engages  a  pin  E  in  the  jig  body.  The 
four  holes  are  drilled  by  passing  the  drill  through  the  guide  bush- 
ings B  in  the  cover. 

Another  jig  of  the  same  kind  but  designed  for  drilling  a  hole  having 
two  diameters,  through  the  center  of  a  steel  ball,  is  shown  in  Fig.  14. 
The  work,  which  is  shown  enlarged  at  A,  is  inserted  while  the  cover 


Tig.  16.    Box  Jigs  for  Drilling-  Parts  shown  by  Heavy  Dot-and-dash  Lines 

is  thrown  back  as  indicated  by  the  dotted  lines.  The  cover  is  then 
closed  and  tightened  by  the  cam-latch  D,  and  the  large  part  of  the 
hole  is  drilled  with  the  jig  in  the  position  shown.  The  jig  is  then 
turned  over  and  a  smaller  drill  of  the  correct  size  is  fed  through 
guide  bushing  B  on  the  opposite  side.  The  depth  of  the  large  hole 
could  be  gaged  for  each  ball  drilled,  by  feeding  the  drill  spindle  down 
to  a  certain  position  as  shown  by  graduation  or  other  marks,  but  if 
the  spindle  has  an  adjustable  stop,  this  should  be  used.  The  work  is 
located  in  line  with  the  two  guide  bushings  by  spherical  seats  formed 
in  the  jig  body  and  in  the  upper  bushing,  as  shown.  As  the  work  can 
be  inserted  and  removed  quickly,  a  large  number  of  balls,  which,  prac- 
tically speaking,  are  duplicates,  can  be  drilled  in  a  comparatively  short 
time  by  using  a  jig  of  this  type. 
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A  box  jig  that  differs  somewhat  in  construction  from  the  design  just 
referred  to,  is  illustrated  at  A  in  Fig.  15,  which  shows  a  side  and  top 
view.  The  work,  in  this  case,  is  a  small  casting  the  form  of  which 
is  indicated  by  the  heavy  dot-and-dash  lines.  This  casting  is  drilled  at 
a,  b  and  c,  and  the  two  larger  holes  a  and  b  are  finished  by  reaming. 
The  hinged  cover  of  this  jig  is  opened  for  inserting  the  work  by 
unscrewing  the  T-shaped  clamping  screw  8  one-quarter  of  a  turn,  which 
brings  the  head  in  line  with  a  slot  in  the  cover.  The  casting  is 
clamped  by  tightening  this  screw,  which  forces  an  adjustable  screw 
bushing  G  down  against  the  work.  By  having  this  bushing  adjustable, 
it  can  be  set  to  give  the  right  pressure,  and,  if  the  height  of  the  cast- 
ings should  vary,  the  position  of  the  clamping  bushing  could  easily  be 
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Tiff.  10.    Method  of  Using-  Jiff 

changed.  The  work  is  properly  located  by  the  inner  ends  of  the  three 
guide  bushings  a„  bu  and  cu  and  also  by  the  locating  screws  I  against 
which  the  casting  is  held  by  knurled  thumb-screws  m  and  n.  When 
the  holes  a  and  b  are  being  drilled,  the  jig  is  placed  with  the  cover 
side  down  as  shown  at  A  in  Fig.  16,  and  the  drill  is  guided  by  remov- 
able bushings,  one  of  which  is  shown  at  r.  When  the  drilling  is' com- 
pleted, the  drill  bushings  are  replaced  by  reamer  bushings  and  each 
hole  is  finished  by  reaming.  The  small  hole  c  is  drilled  in  the  end  of 
the  casting  'by  simply  placing  the  jig  on  end  as  shown  at  B.  Box  jigs 
which  have  to  be  placed  in  more  than  one  position  for  drilling  the 
different  holes,  are  usually  provided  with  feet  or  extensions,  as  shown, 
which  are  accurately  finished  to  properly  align  the  guide  bushings 
with  the  drill.  These  feet  extend  beyond  any  clamping  screws,  bolts, 
or  bushings  which  may  protrude  from  the  sides  of  the  jigs,  and  pro- 
vide a  solid  support.     When  inserting  work  in  a  jig,  care  should  be 


Digitized  by 


Google 


UPRIGHT  DRILLING  MACHINES 


17 


taken  to  remove  all  chips  which  might  have  fallen  onto  those  surfaces 
against  which  the  work  is  clamped  and  which  determine  its  location. 

Still  another  jig  of  the  box  type,  which  is  quite  similar  to  the  one 
shown  at  A,  Fig.  15,  hut  is  arranged  differently  owing  to  the  shape 
of  the  work  and  location  of  the  holes,  is  shown  at  B  in  the  same 
illustration.  The  work  has  three  holes  in  the  base  7t,  and  a  hole  at  i 
which  is  at  an  angle  of  5  degrees  with  the  base.  The  three  holes 
are  drilled  with  the  jig  standing  on  the  opposite  end  y,  and  the 
angular  hole  is  drilled  while  the  jig  rests  on  the  four  feet  fc,  the 
ends  of  which  are  at  such  an  angle  with  the  jig  body  that  the  guide 


Piff.  17.    Views  Indicating  how  Work  can  sometimes  be  used  as  a  Jiff 

bushing  for  hole  t  is  properly  aligned  with  the  drill.  The  casting  is 
located  in  this  jig  by  the  inner  ends  of  the  two  guide  bushings  w  and 
the  bushing  o  and  also  by  two  locating  screws  p  and  a  side  locating 
screw  q.  Adjustable  screws  t  and  tl  in  the  cover,  hold  the  casting 
down,  and  it  is  held  laterally  by  the  two  knurled  thumb-screws  u 
and  v.  If  an  attempt  were  made  to  drill  this  particular  part  without 
a  jig  (as  would  be  done  if  only  a  few  castings  were  needed)  it  would 
have  to  be  set  with  considerable  care,  provided  the  angle  between 
hole  t  and  those  in  the  base  had  to  be  at  all  accurate,  and  it  would 
be  rather  difficult  to  drill  a  number  of  these  castings  and  have  them 
all  duplicates.  By  the  use  of  a  jig,  however,  designed  for  drilling  this 
particular  casting,  the  relative  positions  of  the  holes  in  any  number 
of  parts  are  practically  the  same  and   the  work  can  be  done  much 
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more  quickly  than  would  be  possible  if  it  were  held  to  the  drill-press 
table  by  ordinary  clamping  appliances. 

These  few  jig  designs  have  been  referred  to  somewhat  in  detail  to 
show,  in  a  general  way,  how  jigs  are  constructed  and  used.  Those 
who  would  like  to  study  other  types  of  jigs  and  are  interested  in  the 
principles  of  jig  design,  will  find  the  subject  fully  covered  in 
Machinery's  Reference  Books,  Nos.  41  to  43,  inclusive. 

Using  the  Work  as  a  Jig 

When  two  separate  parts  must  have  holes  drilled  in  line  for  bolts 
or  studs,  one  part  can  often  be  used  as  a  sort  of  Jig.  To  illustrate, 
suppose  a  bearing  cap  and  base  (see  sketch  A,  Fig.  17)  are  to  be 
drilled   for  inserting  bolts  as  shown  in  view  B  to  the  right     One 
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Fiff.  18.    Use  of  Counterbore  end  Countersink 

method  would  be  to  first  lay  out  and  drill  the  bolt  holes  in  the  cap 
which  we  shall  assume  has  been  previously  planed  and  fitted.  The 
cap  is  then  clamped  in  position  and  the  same  drill  that  was  used  for 
the  bolt  holes  is  fed  down  to  cut  a  conical  spot  in  the  base  as 
at  C.  This  "spotting"  operation  forms  a  central  starting  point  for 
the  smaller  "tap  drill,"  which  is  then  used  as  indicated  at  D.  The 
drilling  of  holes  which  are  to  be  tapped  will  be  referred  to  later. 

Another  method  of  drilling  this  cap  and  base  is  shown  at  E  and  F. 
Both  parts  are  damped  together  and  drilled  with  a  tap  drill  as  at  E, 
after  which  the  cap  is  removed  and  the  holes  are  enlarged  for  the  bolts 
by  using  a  counterbore  as  indicated  at  F.  This  type  of  counterbore  is 
shown  in  detail  in  Fig.  6.  The  cutting  is  done  by  the  edges  /,  and  the 
guide  or  pilot  p  fits  closely  into  the  hole  which  the  counterbore  is  to 
follow,  so  that  the  enlarged  part  of  the  hole  will  be  concentric.  An- 
other type  of  counterbore  is  shown  at  C.  This  style  has  a  single  blade 
or  cutter,  which  cuts  along  the  edges  g.  The  blade  can  be  removed  by 
unscrewing  the  binding  screw  when  it  is  desired  to  replace  the  blade 
with  a  different  size.  Guides  and  pilots  of  different  diameters  can  also 
be  attached  to  the  end,  as  required. 
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Counterbores  are  also  used  frequently  for  enlarging  holes  to  form 
seats  for  the  heads  of  screws.  A  machine  screw  of  the  filister-head 
type,  and  a  method  of  enlarging  a  hole  which  has  been  previously 
drilled  for  the  body  of  the  screw,  is  indicated  at  A,  Pig.  18.  The  upper 
view  shows  the  screw-head  in  position  and  the  lower  view  the  cutting 
end  of  a  counterbore  after  it  has  /been  fed  to  the  proper  depth.  Coun- 
terbores are  often  used  for  facing  a  spot  around  a  hole,  as  indicated 
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Maokintn/J 
Plff.  10.    Twist  DrlU  and  Steel  Wire  Gaffe 

at  B,  to  provide  e  true  bearing  surface  for  a  bolt  head.  On  some 
classes  of  work,  screws  having  heads  that  are  conical  on  the  under 
side  are  used.  Forming  a  conical  seat  for  a  head  of  this  shape  is 
known  as  countersinking.  The  operation  is  similar  to  counterboring 
except  that  a  tool  for  forming  a  conical  seat  is  used  as  indicated  at  C. 
The  form  of  countersink  shown  is  used  after  the  hole  for  the  screw- 
body  has  been  drilled.  Countersinks  are  also  used  which  have  a  drill  of 


Fir.  so. 


U)  Tap  BriU.    (B)  Tap  for  Threading  Hole.    (O)  Stud 
inserted  in  Threaded  Hole 


the  proper  size  at  the  end,  instead  of  a  pilot,  so  that  the  straight  and 
conical  parts  of  the  hole  are  finished  in  one  operation. 

Drill  Sizes 

Regular  taper  shank  drills  may  be  obtained  in  a  great  variety  of 
sizes.  Many  of  the  small  drills  used  have  straight  shanks,  and  the  sizes 
are  designated  by  numbers  or  letters.  A  gage  is  shown  in  Fig.  19  for 
measuring  drills  with  numbered  sizes,  the  number  of  the  drill  being 
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indicated  by  the  number  of  the  hole  which  it  fits.  The  difference  be- 
tween the  diameters  of  consecutive  sizes  represented  by  this  gage  only 
varies  from  0.001  to  0.008  inch,  so  that  almost  any  diameter  between 
the  smallest  and  largest  size  can  be  obtained.  The  decimal  equivalents 
for  each  number  are  stamped  on  the  back  of  the  gage  shown.  Another 
common  form  of  gage,  known  as  the  "jobbers'  drill  gage,"  has  a  series 
of  holes  which  vary  in  diameter  from  1/16  inch  to  1/2  inch,  the  diam- 
eters increasing  successively  by  sixty-fourths.  The  sizes  of  the  dif- 
ferent holes  are  expressed  by  common  fractions  which  are  stamped  on 
the  gage.    The  letter  size  drills  are  made  in  sets  of  twenty-six,  or  from 
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Flff.  21.    Beaman  &  Smith  Safety  DxiU-  and  Tap-holder 

A  to  Z,  and  have  a  difference  between  consecutive  sizes  varying  from 
0.004  to  0.014  inch.  Tables  giving  the  corresponding  sizes  in  decimals 
of  an  inch,  for  iboth  lettered  and  numbered  drills,  are  given  in 
Machinery's  Reference  Book,  No.  35. 

Drills  having  straight  shanks  are  held,  when  in  use,  in  chucks  at- 
tached to  the  spindle.  A  common  form  of  chuck  is  shown  in  Pig.  25. 
The  drill  is  held  between  jaws  in  the  chuck,  which  are  tightened  by 
turning  the  outer  knurled  sleeve  by  hand  or  with  a  spanner  wrench. 

Machine  or  Power  Tapping 

Holes  which  are  drilled  to  receive  studs  or  bolts  are  threaded  by 
the  use  of  taps.  The  hole  is  first  drilled  slightly  larger  than  the  "root 
diameter"  of  the  thread,  by  using  a  "tap  drill"  as  at  A,  Fig.  20.  The 
hole  Is  then  threaded  by  screwing  a  tap  into  it,  as  indicated  at  B,  after 
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which  a  stud  or  bolt  is  inserted  as  at  C.  For  example,  if  a  hole  were 
to  be  tapped  for  a  %-inch  stud  having  a  U.  S.  standard  thread,  It 
would  first  be  drilled  to  a  diameter  of  %  inch  and  a  %-inch  tap  would 
then  be  used  to  cut  the  thread.  The  diameter  of  a  tap  drill — which  is 
so  called  because  it  is  followed  by  a  tap — varies  somewhat  for  U.  8. 
standard  and  V-threads,  and  the  proper  size  drill  to  use  for  any  diam- 
eter of  thread  is  usually  determined  by  referring  to  a  table.  (Such 
tables  are  given  in  Machinery's  Data  Sheet  Book,  No.  2.)  It  is  im- 
portant to  use  a  tap  drill  of  the  proper  size,  for  if  a  hole  is  drilled  too 
small,  an  excessive  amount  of  power  will  be  required  for  tapping  and, 
on  the  other  hand,  a  tap  drill  that  is  too  large  is  equally  objectionable 
as  the  threads  will  not  have  sufficient  depth. 


Fig.  22.    Hamilton  Tapping  Attachment 

When  tapping  a  hole  the  tap  can  be  turned  with  a  hand  wrench,  but 
if  tapping  is  done  on  an  extensive  scale,  it  is  better  to  drive  the  tap 
by  power.  There  are  many  appliances  for  machine  or  power  tapping, 
which  differ  considerably  in  their  construction,  but  most  of  them  oper- 
ate on  practically  the  same  principle.  As  most  tapped  holes  do  not 
extend  clear  through  the  work,  but  are  "blind,"  provision  should  be 
made  for  allowing  the  tap  to  stop  in  case  it  should  strike  the  bottom 
of  the  hole,  as  otherwise  it  might  be  broken.  The  tap's  direction  of 
rotation  must  also  be  reversed  when  it  has  been  screwed  down  to  the 
required  depth,  in  order  to  back  it  out  of  the  hole.  One  method  of 
meeting  the  first  requirement  is  to  hold  the  tap  in  a  friction  chuck  or 
holder,  which  will  slip  in  case  the  tap  strikes  the  bottom  of  the  hole 
or  meets  with  any  other  obstruction.  A  safety  tap-  and  drill-holder 
which  is  extensively  used,  is  shown  in  Fig.  21.     This  holder  has  a 
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shank  8  which  is  inserted  in  the  spindle  of  the  drill  press,  and  at  the 
lower  end  of  this  shank  there  is  an  enlarged  part  A,  which  is  recessed 
to  receive  the  friction  socket  B.  This  socket  is  held  in  place  hy  a  cap 
O.which  is  screwed  onto  the  enlarged  part.  Fiber  washers  w  are  placed 
on  each  side  of  the  friction  socket  flange,  and  the  cap  C  is  tightened 
until  the  friction  between  parts  A  and  B  is  sufficient  to  drive  the 
tap.  The  check-nut  D  is  then  screwed  against  cap  C,  which  locks  the 
parts  securely.    The  tap  itself  is  held  in  a  socket  E,  which  Is  inserted 

in  the  friction  socket  B. 
This  tap  socket  is  driven  by 
the  dove-tailed  keys  fc, 
which  engage  the  keyways 
fc„  and  it  is  kept  from  drop- 
ping out  of  the  friction 
socket  when  there  is  no  up- 
ward pressure,  by  a  small 
spring-pin  m  which  enters 
the  groove  mx.  The  tap, 
which  has  a  special  shank, 
is  also  driven  by  side  keys 
and  it  is  retained  by  a 
spring-pin  n  which  engages 
the  annular  groove  shown. 
The  tap  is  not  held  rigidly 
but  is  allowed  a  slight 
"floating"  movement  to  se- 
cure better  alignment  with 
the  hole  and  a  more  perfect 
thread.  If  a  tap  which  is 
held  in  a  holder  of  this  type, 
strikes  the  bottom  of  the 
hole,  the  friction  socket  B 
will  slip  (provided  the  fric- 
tion is  properly  adjusted) 
and  the  tap  will  stop  turn- 
ing while  the  shank  8  con- 
tinues to  revolve.     In  this 


Fiff.  28.   Brrlnffton  Antom*tio-r»T«r»e 
Tapping-  Chuck 


way  the  breaking  of  taps  is  avoided.  This  form  of  holder  is  also  used 
for  drilling,  the  drill  being  held  in  a  socket  F  having  a  standard  taper 
hole  for  receiving  the  drill  shank.  These  sockets  are  also  inserted  in 
the  friction  socket  B  and  they  are  made  in  sets  to  receive  drill  shanks 
of  different  sizes.  The  power  required  to  overcome  the  friction  between 
the  parts  A  and  B  and  cause  a  slipping  movement,  should  be  less  than 
that  represented  by  the  breaking  strength  of  the  drill  or  tap.  On  some 
drilling  machines  an  adjustable  friction  is  introduced  in  the  spindle- 
driving  mechanism  to  prevent  the  breaking  of  taps. 

The  mechanism  for  reversing  the  spindle  of  a  drill  press,  when  the 
tap  has  reached  the  required  depth,  Is  known  as  a  tapping  attachment 
One  form  of  tapping  attachment  is  illustrated  in  Fig.  22  which  is  a 
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partial  view  of  an  upright  drilling  machine.  When  a  hole  is  being 
tapped,  power  is  transmitted  to  the  spindle  through  gears  A,  B,  C  and 
D,  until  the  tap  has  been  fed  to  the  required  depth;  the  spindle  rota- 
tion is  then  reversed  by  shifting  lever  L  which,  by  means  of  a  friction 
clutch  at  (?,  locks  gear  E  with  the  upper  shaft  and  releases  gear  C. 
The  drive  is  then  from  gear  E  to  F  through  an  intermediate  gear  at 
the  rear,  which  reverses  the  movement  for  backing  the  tap  out  of  the 
hole.  By  placing  lever  L  in  a  central  or  "neutral"  position,  the  spindle 
can  also  be  stopped,  so  that  the  machine  is  controlled  by  this  single 
lever.    Before  beginning  to  tap,  the  feed-worm  W,  Fig.  1,  is  disengaged 


Ft*.  94.    Method  of  Applying  OU-tnbe  DriU  to  DrJU-prea* 


and  the  tap  is  started  in  the  hole  by  feeding  it  down  with  hand  lever  Q. 
As  soon  as  a  thread  is  started,  the  spindle,  being  free  to  move  ver- 
tically, is  fed  down  by  the  screwing  action  of  the  tap. 

Brrlnffton  Automatic-reverse  Tapping  Chuck 
A  tapping  device  is  shown  in  Fig.  23,  which  is  so  arranged  that  the 
tap  automatically  stops  when  it  strikes  the  bottom  of  the  hole  or  when 
the  adjustable  depth  gage  G  comes  against  the  top  of  the  work.  The 
raising  of  the  spindle  then  reverses  the  tap  which  backs  out  at  an 
increased  speed.  This  tapping  chuck  C  is  inserted  in  the  spindle  just 
like  an  ordinary  drill  chuck  and  as  the  tap  is  automatically  reversed 
when  the  spindle  is  raised,  no  reversing  gears  or  double  belts  are  re- 
quired to  stop  or  change  the  rotation  of  the  machine  spindle.  When 
this  chuck  is  used  in  connection  with  light  duplicate  work  which  will 
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center  itself  with  the  tap,  very  rapid  production  can  be  obtained  by 
the  following  method:  The  work  W  to  be  tapped  is  prevented  from 
rotating  by  passing  it  between  two  parallel  pieces  8  clamped  to  the 
drill  press  table,  just  far  enough  apart  to  allow  the  work  to  be  inserted 
easily.    When  a  hole  is  being  tapped,  the  spindle  is  raised  and  lowered 


Machinery 


Fig    26.    Pressure  for  Feeding  Large  Drill  can  be  reduced 
by  Di  ill  Ing  Small  "Lead  Hole" 

with  the  right  hand  while  the  work  is  inserted  between  the  parallel 
pieces  with  the  left  hand,  the  operation  being  practically  continuous. 
When  this  method  is  employed,  the  drilling  is  first  completed  and  then 
the  parts  are  re-handled  for  the  tapping  operation.  Small  round  or 
irregularly  shaped  parts  can  often  be  held  to  advantage  in  a  special 
holder  which  is  passed  between  guides  8  attached  to  the  table.    This 


Fig.  DO.     A)  Three-groove  DrlU.    (B)  Straight-fluted  Drill 

type  of  chuck  is  made  with  a  positive  drive  or  with  an  adjustable 
friction  drive  that  prevents  the  breaking  of  taps.  Part  of  the  chuck 
and  gage  O  are  prevented  from  rotating  by  a  rod  R  which,  in  this  case, 
rests  against  the  left  side  of  the  machine  column.  This  rod  slides 
freely  up  and  down  as  the  spindle  and  tap  are  raised  and  lowered. 

Numerous  other  attachments  are  used   for  tapping  and  when  this 
class  of  work  is  done  in  large  quantities,  special  machines  are  often 
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employed.    A  lubricant  such  as  sperm  or  lard  oil  should  be  used  when 
tapping. 

Oil  Drills— Drilling  Large  Holes— Special  Drills 

As  previously  stated,  a  lubricant,  such  as  oil  or  soda  water  should 
be  applied  to  the  drill  point  when  drilling  iron  and  steel,  in  order  to 
secure  efficient  results.  Ordinarily  the  lubricant  is  inserted  in  the  hole 
and  runs  down  the  drill  flutes  to  the  cutting  end,  but  when  a  deep 
hole  is  being  drilled,  this  method  is  unsatisfactory  as  the  chips  which 
are  carried  upward  to  the  surface  by  the  spiral  grooves,  tend  to  pre- 
vent the  lubricant  from  reaching  the  drill  point.  To  overcome  this 
difficulty,  twist  drills  are  made  having  internal  oil  holes  as  shown  by 
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the  dotted  lines,  Fig.  24,  which  lead  the  lubricant  directly  to  the  cutting 
end.  A  special  socket  &  is  used  for  an  oil  drill,  having  a  stationary 
collar  c  which  is  connected  with  a  pipe  and  hose  leading  to  the  source 
of  supply.  This  collar  has  an  annular  groove  located  opposite  holes 
in  the  revolving  socket,  which  permits  the  lubricant  to  enter  holes  in 
the  drill  shank.  The  lubricant  is  either  supplied  by  a  pump  or  it  is 
fed  by  gravity  from  a  bucket  suspended  above  the  drill. 

The  pressure  required  for  feeding  a  large  drill  is  considerable,  but  it 
can  be  greatly  reduced  and  the  drill  be  made  to  cut  faster,  by  first 
drilling  a  small  "lead  hole,"  as  shown  in  the  view  to  the  left,  Fig.  25. 
The  diameter  of  this  lead  hole  should  be  as  large,  or  a  little  larger, 
than  the  width  to  of  the  drill  point,  because  this  point  does  not  have 
the  keenness  of  the  cutting  edges  and  merely  scrapes  the  metal,  so  that 
the  pressure  necessary  to  force  it  downward  is  comparatively  great. 
The  lead  hole  relieves  this  excessive  pressure  and  permits  all  the 
thrust  to  come  directly  on  the  cutting  edges  of  the  drill,  as  indicated 
by  the  sectional  view  to  the  right. 
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Copyright,  1911,  by  the  Henry  &  Wright  Mf*.  Co. 

Large  holes  are  sometimes  drilled  about  one-half  or  two-thirds  the 
required  size  by  first  using  an  ordinary  two-groove  drill,  which  is  then 
followed  by  a  three-  or  four-groove  drill  similar  to  the  one  shown  at  A, 
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Fig.  26.  This  type  is  only  used  for  following  smaller  drills  or  for 
enlarging  cored  holes,  and  it  is  not  adapted  for  drilling  holes  into 
solid  stock. 

A  drill  is  shown  at  B  in  Fig.  26,  having  two  straight  flutes  Instead 
of  the  spiral  form.  This  type  is  used  to  advantage  for  the  drilling  of 
brass  or  thin  sheet  metal.  Ordinarily  twist  drills,  owing  to  the  acute 
angles  of  the  cutting  edges,  tend  to  "dig  in"  or  catch  especially  when 
coming  through  the  lower  side  of  a  thin  plate,  but  this  is  largely  over- 
come by  the  straight-fluted  type,  as  the  cutting  edges  do  not  have 
the  rake  or  slope  common  to  twist  drills.  Sometimes  the  cutting  edges 
of  twist  drills  are  ground  flat  at  the  front  for  drilling  brass  or  thin 
sheet  metal. 

Speed  of  Drills 

The  proper  speed  for  a  drill  depends  on  its  diameter  and  the  kind 
of  material  being  drilled.  The  table  on  page  25  (which  is  recom- 
mended by  the  Morse  Twist  Drill  &  Machine  Co.)  gives  the  speeds  in 
revolutions  per  minute,  for  drills  ranging  from  1/16  inch  to  2  inches  in 
diameter,  when  drilling  wrought  iron,  steel,  cast  iron  or  brass.  It 
may  be  necessary  to  vary  these  speeds  somewhat  in  accordance  with 
the  hardness  of  the  metal.  Some  castings,  for  example,  are  soft  and 
others  very  hard,  so  that  it  is  not  possible  to  give  speeds  which  will 
apply  under  all  conditions.  If  the  speed  is  too  high,  this  will  be  shown 
by  the  action  of  the  drill  and  the  wear  on  the  cutting  edge.  Oil  drills 
can  usually  be  run  about  25  per  cent  faster  than  the  speeds  listed. 
Drills  made  from  "high-speed"  steel  can  also  be  run  at  much  higher 
speeds  than  those  made  from  ordinary  carbon  steel.  An  approximate 
idea  of  the  feed  to  use  for  the  various  drill  diameters  can  be  obtained 
from  the  following  figures:  A  14 -inch  drill  should  have  a  feed  of 
about  0.005  inch,  a  %-inch  drill,  0.007  inch,  and  a  %-inch  size,  0.010 
inch  per  evolution  of  the  spindle. 

The  following  suggestions  regarding  the  use  of  high-speed  steel 
drills,  are  given  by  the  Cleveland  Twist  Drill  Co.  The  drill  should  be 
started  with  a  peripheral  speed  ranging  between  50  and  60  feet  per 
minute,  and  with  a  feed  varying  from  0.005  to  0.010  inch  per  revolu- 
tion, for  drills  over  ys  inch  in  diameter.  The  following  points  should 
also  be  carefully  observed  to  obtain  the  best  results.  If  the  drill 
has  a  tendency  to  wear  away  on  the  outside,  it  is  running  too  fast,  and 
if  it  breaks  or  chips  on  the  cutting  edges,  the  feed  is  too  coarse.  When 
used  in  steel  or  wrought  iron,  the  drill  should  be  flooded  with  a  good 
lubricant  or  cutting  compound.  Parafflne  oil  is  recommended  for  brass 
and  an  air  blast  for  cast  iron. 

The  tables  on  page  26  give  both  speeds  and  feeds  for  various  sizes 
of  carbon  and  high-speed  steel  drills.  These  tables  were  compiled  by 
a  special  committee  and  represent  the  results  of  tests  covering  a 
period  of  over  two  years,  which  were  made  to  determine  the  most 
efficient  feeds  and  speeds  for  drilling  the  different  metals  listed.  The 
speeds  given  are  comparatively  high,  and  are  only  recommended  for 
use  with  drilling  machines  of  the  high-speed  type. 
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RADIAL,  SENSITIVE,  MULTIPLE-SPINDLE,  AND 
HIGH-DUTY  DRILLING  MACHINES 


What  is  known  as  a  radial  drilling  machine  is  illustrated  in  Fig.  27. 
This  type  differs  from  the  vertical  machine  illustrated  in  Fig.  2  in  that 
the  drilling  head  is  so  mounted  that  it  can  he  moved  to  the  required 
position  for  drilling,  instead  of  adjusting  the  work  or  table  each  time 
a  new  hole  is  to  he  drilled.   Because  of  this  feature,  the  radial  drill  is 


Fig.  27.    Dreaes  Radial  Drilling  Machine 

especially  adapted  to  heavy  work,  as  a  number  of  holes  can  be  drilled 
by  simply  adjusting  the  drill  head  to  the  proper  position.  This  drill 
head,  which  contains  the  spindle  S,  is  mounted  on  an  arm  A  carried 
by  an  outer  column  B,  which,  with  the  arm,  can  be  turned  about  a 
stationary  inner  column  attached  to  the  base.  The  head  can  also  be 
traversed  along  the  arm,  and  this  radial  adjustment,  combined  with 
the  swinging  movement  of  the  arm  about  the  column,  makes  it  pos- 


Digitized  by 


Google 


VARIOUS  TYPES  OF  DRILLING  MACHINES  29 

sible  to  set  the  drill  spindle  in  any  position  within  the  range  of  the 
machine.  The  drill  spindle  is  driven,  indirectly,  by  a  belt  operating 
pulley  P.  The  shaft  carrying  this  pulley  drives,  through  gearing,  a 
lower  shaft  C  which  transmits  the  movement,  by  means  of  bevel  gears, 
to  a  vertical  internal  shaft  which  extends  to  the  top  of  the  column. 
At  this  point  connection  is  made  by  spur  gears  with  an  outer  vertical 
shaft  D,  which  drives  shaft  E  mounted  on  the  arm.  Shaft  E,  in  turn, 
rotates  through  bevel  gears,  a  vertical  shaft  at  the  rear  of  the  head 
which  drives  the  drill  spindle.  The  spindle  can  be  started,  stopped  or 
reversed  by  lever  F,  which  controls  the  connection  between  shaft  E  and 
the  rear  vertical  shaft.  The  head  is  traversed  along  the  arm  by  hand- 
wheel  G  and  the  spindle  can  be  fed  by  handwheel  H  or  by  power.  The 
spindle  can  also  'be  traversed  rapidly  up  or  down  by  pilot  wheel  J 
after  the  feed  has  been  disengaged. 

The  power  feed  is  derived  from  the  spindle  through  gears  which 
drive  shaft  K  which  rotates,  through  worm-gearing,  a  pinion  shaft 
meshing  with  a  rack  cut  in  the  spindle  quill.  The  feed  is  engaged  or 
disengaged  by  handle  L,  and  it  can  also  be  disengaged  by  an  auto- 
matic stop  mechanism,  which  is  adjustable  and  can  be  set  previously 
for  tripping  the  feed  when  a  hole  has  been  drilled  to  the  required 
depth.  The  amount  of  feed  is  varied  by  handles  M  and  N,  which 
change  the  combination  of  the  feed  gearing  enclosed  at  0.  The  spindle 
speeds  are  changed  by  shifting  lever  Q  of  the  geared  speed-box,  to  dif- 
ferent positions  controlled  by  the  notches  shown,  and  the  range  of 
seven  speeds  obtained  in  this  way  can  be  tripled  by  back-gears  in  the 
spindle  head,  which  are  engaged  or  disengaged  by  handle  R.  The 
radial  arm  A  can  be  adjusted  vertically  on  column  B  by  power,  the 
adjustment  being  controlled  by  lever  U.  Both  the  arm  and  column  cau 
be  clamped  rigidly  in  any  position  by  the  levers  shown.  The  work  is 
placed  either  on  table  T  or  directly  on  the  base,  the  position  depending 
on  its  size. 

The  machine  just  described  is  known  as  a  plain  radial  type  and  it 
can  only  be  used  for  drilling  holes  at  right  angles  to  the  base,  whereas 
what  is  known  as  the  universal  type,  is  also  adapted  to  drilling  holes 
at  an  angle.  The  head  and  drill  spindle  of  a  "full  universal"  machine 
can  be  set  at  an  angle  with  the  radial  arm,  and  the  latter  can  also 
be  rotated  about  its  own  center  or  axis,  so  that  the  drill  spindle  can 
be  placed  in  almost  any  position.  With  the  exception  of  the  changes 
necessary  to  permit  these  adjustments,  the  construction  of  the  uni- 
versal radial  is  practically  the  same  as  that  of  the  plain  type.  It  should 
be  remembered,  however,  that  the  construction  of  drilling  machines,  as 
well  as  of  other  types  of  machine  tools,  varies  more  or  less  with  differ- 
ent makes. 

Sensitive  Drill-press 

The  type  of  machine  illustrated  in  Fig.  28  is  intended  especially  for 
drilling  small  holes  In  light  work.  The  power  is  transmitted  directly 
to  the  spindle  by  belts  which  operate  on  the  pulleys  shown.  This  par- 
ticular design  is  driven  direct  by  a  motor  M  which  is  connected  with 
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the  lower  cone  pulley.    The  speed  changes  are  obtained  by  shifting  the 
belt  connecting  the  two  cone  pulleys  to  steps  of  different  diameter,  and 

the  tension  of  the  belts  can  be  vari- 
ed by  the  handwheels  W.  The  spin- 
dle and  drill  have  a  hand-feeding 
movement  only.  This  is  effected  by 
hand-lever  H,  which  rotates  a  pinion 
meshing  with  a  rack  attached  to  the 
spindle  quill.  This  simple  method  of 
feeding  the  drill  has  two  distinct  ad- 
vantages vwhen  applied  to  the  drilling 
of  small  holes:  In  the  first  place,  it 
enables  the  workman  to  drill  rapidly, 
because,  ordinarily,  little  time  is  re- 
quired for  drilling  small  holes  and 
the  drill  can  be  raised  and  lowered 
quickly  when  its  movement  is  en- 
tirely controlled  by  hand.  The  hand- 
feed  is  also  very  sensitive,  as  the 
operator  can  tell  by  the  sense  of  feel- 
ing about  how  much  work  the  drill 
is  doing,  and  by  regulating  the  down- 
ward feeding  pressure  accordingly, 
the  breaking  of  drills  is  largely 
avoided.  For  this  reason,  light  ma- 
chines of  this  class  are  called  sensi- 
tive drills.  The  machine  illustrated 
has  two  work-tables.  The  upper 
square  table  can  be  set  at  an  angle 
with  the  spindle  tor  angular  drilling 
and  for  supporting  work  having  an 
angular  base.  When  this  table  is 
not  in  use  it  can  be  swung  to  one 
side.  The  round  table  beneath  can 
be  adjusted  vertically  on  the  column, 
and  the  position  of  the  spindle  head 
can  also  be  varied  as  required.  When 
necessary,  the  round  table  can  be  re- 
moved from  its  supporting  bracket 
and  be  replaced  with  either  the  cone 
or  crotch  centers  shown.  These  cen- 
ters are  used  for  supporting  the  ends 
of  shafts,  spherical  and  cylindrical 
parts,  etc.    This  machine  has  a  capacity  for  holes  up  to  about  9/16  inch 

in  diameter. 

Multiple- spindle  Drilling'  Machines 

A  great  many  parts  that  have  to  be  drilled,  require  holes  of  different 
diameters,  and  other  operations  such  as  counterboring,  reaming  or 
countersinking  are  frequently  necessary.     When  work  of  this  class  is 


Flff.  28.    Drtll-prees  of  thft 
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done  in  a  machine  having  one  spindle,  considerable  time  is  wasted  in 
removing  one  drill  and  replacing  it  with  a  different  size  or  with  some 
other  kind  of  tool.    For  this  reason,  drilling  machines  having  several 


Fig.  29.    Henry  *  Wright  Multiple-eplndle  Drilling  Machine 

spindles  are  often  used  when  the  work  requires  a  number  of  successive 
operations.  The  advantage  of  the  multiple  spindle  or  "gang"  type  is 
that  all  the  different  tools  necessary  can  be  Inserted  in  the  various  spin- 
dles, and  the  drilling  is  done  by  passing  the  work  from  one  spindle 
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to  the  next.  By  this  method,  holes  of  different  diameter  can  be  drilled 
and  counterboring  or  reaming  operations  be  performed  without  chang- 
ing any  tools.  Multiple-spindle  machines  can  also  be  used  to  advan- 
tage for  other  purposes. 

One  type  of  multiple-spindle  drilling  machine  is  illustrated  in  Fig. 
29.  This  particular  design  has  four  spindles,  but  the  number  of  spindles 
in  a  machine  of  this  type  depends  on  the  work  for  which  it  is  intended. 
The  spindles  are  all  driven  from  a  horizontal  shaft  8  at  the  rear  to 
which  they  are  connected  by  belts  as  shown.  The  idler  pulleys  I  over 
which  the  driving  belts  pass  in  making  the  quarter  turn,  can  be  ad- 
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justed  for  varying  the  tension  of  the  belts  by  the  handwheels  W.  The 
table  T  can  be  raised  or  lowered  by  the  screw  and  crank  shown,  to  suit 
the  height  of  the  work,  and  the  spindle  heads  H  also  have  vertical  ad- 
justment. The  spindles  are  fed  downward  for  drilling  by  the  hand- 
levers  L. 

The  method  of  using  a  multiple-spindle  machine  for  performing  suc- 
cessive operations  on  the  same  part  is  illustrated  in  Fig.  30.  The 
work  W,  which  is  held  in  a  box  jig,  is  drilled  and  reamed  at  a  and  ft 
and  a  small  hole  c  is  drilled  in  the  end.  The  holes  a  and  &  are  first 
drilled  with  the  left-hand  spindle  by  feeding  the  drill  through  guide 
bushings  A  and  B.  The  jig  is  then  turned  over  (as  shown  by  the  dotted 
lines)  and  moved  to  the  next  spindle  containing  a  reamer  of  the  proper 
size,  which  is  guided  by  bushings  D  and  E  in  the  bottom  of  the  jig,  as 
it  is  fed  through  the  work.     The  third  and  last  hole  c  is  drilled  by 
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the  right-hand  spindle,  while  the  jig  is  standing  on  end  as  shown.    The 
advantage  of  having  all  the  tools  at  hand  so  that  the  work  can  be  com- 
pleted by  simply  moving  it  from  one  spindle  to  the  next,  is  obvious. 
Drilling  machines  of  the  multiple-spindle  type  are  also  commonly 


Fig.  81.    Pratt  &  Whitney  Adjustable  Multiple-spindle  Drilling  Machine 

used  for  drilling  a  number  of  holes  simultaneously.  The  arrangement 
of  these  machines  is  varied  considerably  to  suit  different  kinds  of  work, 
but  they  may  be  divided  into  two  general  classes,  namely,  those  having 
spindles  which  remain  in  the  same  plane  but  can  be  adjusted  for  vary- 
ing the  center-to-center  distance,  and  those  having  spindles  which  can 


Digitized  by  V^jOOQLC 


34  No.  94— OPERATION  OF  MACHINE  TOOLS 

be  grouped  In  a  circular,  square  or  Irregular  formation.  The  first  class 
referred  to  is  used  for  drilling  rows  of  bolt  or  rivet  holes  in  steel 
plates,  etc.,  and  the  second  type  is  adapted  to  the  drilling  of  cylinder 
flanges,  valve  flanges  or  similar  work.  A  machine  of  the  latter  type 
is  illustrated  in  Fig.  31.  This  machine  has  sixteen  spindles,  all  or  part 
of  which  can  be  used,  as  required.  These  spindles  are  driven  from  a 
single  pulley  P  to  which  they  are  connected  by  shafts  8  and  spur  gears. 
The  connecting-shafts  have  universal  joints  which  permit  the  spindles 
to  be  arranged  In  accordance  with  the  work.  When  the  machine  is  in 
operation,  the  table  and  work  are  fed  upward  against  the  revolving 
drills.  The  feeding  mechanism  is  located  at  F  and  the  power  feed  is 
derived  from  pulleys  A  and  B,  which  are  connected  by  a  belt  as  shown. 
The  table  can  also  be  fed  by  hand  lever  L,  which  is  connected  with 
the  feed  pinion  shaft.  By  simply  loosening  a  nut,  this  lever  can  be 
set  to  the  most  convenient  position  for  the  operator.  The  power  feed 
is  engaged  or  disengaged  by  a  downward  or  upward  movement  of  lever 
C.  It  can  also  be  disengaged  automatically  at  any  point  by  an  ad- 
justable stop  D.  As  practically  all  work  done  on  this  type  of  machine 
is  "jig  drilled,"  the  spindles  are  set  by  aligning  them  with  the  holes 
in  the  jig.  The  position  of  the  spindles  is  changed  by  adjusting  the 
spindle  arms  E  which  are  clamped  to  the  under  side  of  the  housing. 
The  spindles  have  an  Independent  vertical  adjustment  so  that  drills  of 
different  lengths  can  be  used.  This  feature  also  permits  setting  the 
spindles  for  drilling  holes  that  are  not  in  the  same  horizontal  plane. 
The  machine  illustrated  is  set  up  for  drilling  lathe  carriages.  The 
work  W  is  mounted  in  a  jig  J  and  the  various  holes  are  all  drilled  at 
the  same  time.  A  number  of  castings  which  have  been  drilled  are 
shown  on  the  floor  to  the  right. 

Multiple-spindle  machines  of  this  type  are  also  built  in  much  larger 
sizes  and  in  designs  which  are  adapted  to  different  classes  of  work. 

High- duty  Drilling  Machine 

Two  views  of  a  powerful  and  rigid  drilling  machine  which  is  es- 
pecially adapted  to  rapid  drilling,  are  shown  in  Pig.  32.  This  type 
was  developed  for  driving  modern  highspeed  drills,  which  are  cap- 
able of  much  higher  speeds  than  drills  made  of  carbon  steel.  The 
frame  of  the  machine  is  designed  to  avoid  any  deflection  when  sub- 
jected to  heavy  feeding  pressures.  Where  there  is  any  springing  ac- 
tion, either  in  the  frame  or  work  table,  the  drill  will  bind  in  the  hole 
(especially  if  it  be  a  long  one)  and  tni*  greatly  increases  the  amount 
of  power  required.  The  increased  friction  also  expands  the  drill,  thus 
causing  it  to  bind  more  tightly,  which  may  result  in  breaking  the 
drill,  owing  to  excessive  torsional  strain. 

This  machine  is  driven  by  a  belt  operating  on  tight  and  loose  pul- 
leys at  A.  From  here  the  motion  is  transmitted  through  enclosed 
back-gears,  to  an  intermediate  pulley  B  on  the  other  side  of  the  ma- 
chine, where  connection  is  made  by  belt  with  speed-box  C.  There  are 
eight  speed  changes  obtained  by  sliding  gears  in  this  speed-box.  Con- 
nection is  made  with  the  spindle  through  the  bevel  gears  D,  vertical 
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shaft  E  and  the  spur  gears  shown.  The  Illustration  to  the  right  shows 
the  machine  equipped  with  a  plain  work  table,  and  the  left-hand 
view  shows  a  "compound"  table  having  longitudinal  and  cross  adjust- 
ments. These  tables  have  vertical  adjustment  on  the  face  of  the 
frame  or  column.     This  adjustment  is  effected  by  turning  shaft  G' 


Fiff.  82.    Baker  Bros.  Hiffh-duty  Type  of  Drilling  Machine 

which  operates  elevating  screw  F.     The  compound  table  permits  work 
to  be  accurately  centered  under  the  drill,  after  it  is  clamped  in  place. 

The  following  figures  will  give  a  general  idea  of  this  machine's  ca- 
pacity for  rapid  drilling.  Several  1%-inch  holes  were  drilled  through 
4  1/4-inch  cast  iron  blocks  at  the  rate  of  8  2/3  seconds  per  hole,  and  a 
number  of  15/16  Inch  holes  were  drilled  through  3/4  inch  machine 
steel  plate  at  the  rate  of  3%  seconds  per  hole. 
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The  point  or  cutting  end  of  a  drill  should  be  carefully  ground  because 
a  poorly  farmed  drill  effects  the  quality  and  quantity  of  the  work  pro- 
duced. It  is  difficult  to  grind  drills  theoretically  correct  by  hand,  at 
least  in  a  reasonable  length  of  time,  and  special  grinders  are  often 
used  for  this  purpose.  Many  shops,  however,  do  not  have  such  grind- 
ers, but  if  the  requirements  of  a  correctly  formed  drill  point  are  known, 
it  is  possible,  with  practice,  to  grind  a  drill  satisfactorily  by  hand. 
The  requirements  briefly  stated  are  as  follows:    The  two  cutting  edges 


Fig.  88.    Views  showing  Angles  to  be  Considered  when  Grinding  Drills,  and 
Methods  of  Measuring  Lip  Angle  and  Clearance 

should  incline  at  the  proper  angle  a  with  the  axis,  as  shown  at  A  in 
Fig.  33;  each  edge  should  have  the  same  inclination  and  be  of  the 
same  length;  the  angle  of  clearance  c  (see  sketch  B)  should  be  suffi- 
cient to  permit  the  drill  to  cut  freely;  the  clearance  should  be  the 
same  on  both  sides,  and  increase  toward  the  point  of  the  drill. 

At  A  in  Fig.  34  is  shown  the  relation  between  a  drill  point  and  a 
hole  when  the  cutting  edges  are  not  at  the  same  angle  with  the  axis. 
When  both  cutting  edges  are  ground  to  the  same  angle,  one  edge  coun- 
teracts the  tendency  of  the  other  to  spring  away  from  the  cut  (pro- 
vided the  clearance  is  also  correct),  but  when  these  angles  are  different, 
as  shown,  one  edge  will  do  more  work  than  the  other,  thus  subjecting 
the  drill  to  an  unbalanced  twisting  or  torsional  strain.  The  drill  will 
also  be  forced  sidewise,  which  will  result  in  an  enlargement  of  the  hole. 

The  effect  produced  when  the  lengths  of  the  cutting  edges  are  un- 
equal, is  illustrated  at  B.     As  the  drill  revolves  about  the  center  or 
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point  p,  when  it  is  fed  into  the  metal,  the  horizontal  distance  x  from 
this  point  to  the  side  furthest  away,  will  equal  the  radius  of  the  hole 
which  will,  of  course,  be  larger  than  the  drill  diameter  if  the  point  is 
not  central;  therefore,  each  cutting  edge  should  have  the  same  length, 
as  otherwise  the  drill  will  cut  a  hole  larger  than  its  diameter.  At  C 
a  drill  point  is  shown  having  cutting  edges  inclined  at  different  angles 
to  the  axis  and  of  different  lengths,  thus  combining  the  disadvantages 
mentioned  in  the  foregoing. 

Each  cutting  edge  should  be  ground  to  an  angle  of  about  59  degrees 
with  the  axis.  When  grinding,  support  the  drill  on  the  tool-rest  of 
the  grinder,  and  move  it  slowly  back  and  forth,  in  order  that  any 
uneven ness  in  the  wheel-face  will  not  affect  the  straightness  of  the 
cutting  edge.  Use  preferably  the  face  of  the  grinding  wheel  in  order 
to  derive  benefit  from  the  cooling  water,  and  grind  slowly  so  that  the 


Piff.  84.    Three  Examples  of  Incorrect  Drill  Grinding 

temper  of  the  drill  will  not  be  affected.  The  position  of  the  drill  in 
relation  to  the  face  of  the  wheel,  should  be  such  that  the  angle  a 
(Fig.  33)  which  the  cutting  edges  make  with  the  axis,  and  the  angle 
of  clearance  c,  will  be  ground  as  nearly  correct  as  can  be  judged.  The 
angle  a  can  be  tested  by  using  a  protractor  as  indicated  at  C.  The 
length  of  each  edge  should  also  be  measured  with  a  scale  and  corrected 
by  grinding  if  unequal,  care  being  taken  not  to  change  the  angle  of 
the  cutting  edge,  if  this  is  found  correct.  It  should  be  mentioned  that 
there  is  a  difference  of  opinion  as  to  the  best  angle  a  for  the  cutting 
edges.  As  this  angle  is  decreased,  the  pressure  required  for  feeding  a 
drill  downward  through  the  metal,  becomes  less,  but  the  length  of 
each  cutting  edge  is  Increased,  with  the  result  that  more  power  is  re- 
quired to  turn  the  drill.  An  included  angle  of  118  degrees  (59  degrees 
between  the  cutting  edge  and  axis)  is  thought  by  some  to  equalize  the 
thrust  and  torsion  to  the  best  advantage,  while  others  advocate  much 
more  acute  angles. 

After  each  side  or  edge  has  been  ground,  the  end  of  the  drill  will 
appear  somewhat  as  shown  in  the  upper  view  at  B,  the  unshaded  por- 
tion  representing  the   ground   surface.     That  part   indicated   by   th« 
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shaded  lines  should  then  be  ground  away  so  that  it  will  not  interfere 
with  the  downward  movement  of  the  cutting  edge  when  the  drill  is  in 
use.  When  grinding  this  part,  support  the  inner  end  of  the  drill  on 
the  tool-rest,  and  move  the  outer  end  so  as  to  produce  a  surface  which 
is  approximately  conical  in  form.  The  grinding  should  be  continued 
until  the  conical  surface  is  blended  into  the  flat  (unshaded)  part, 
previously  ground. 

The  clearance  for  each  cutting  edge  may  be  tested  by  placing  the 
drill  point  against  a  flat  surface  and  then  slowly  revolving  it  close  to 
a  scale  held  in  the  position  shown  at  D.  If  the  clearances  are  not  alike, 
this  will  be  Indicated  by  their  relative  positions  to  the  graduation 

marks  on  the  scale,  as  the  drill  is 
turned.  The  clearance  is  a  very 
important  feature  in  drill  grind- 
ing, and  the  splitting  of  drills 
through  the  web  is  usually  an  in- 
dication either  of  incorrect  clear- 
ance or  excessive  feed.  If  the  end 
of  a  drill  conforms  exactly  to  the 
conical  shape  of  the  bottom  of  a 
hole,  evidently  it  will  not  cut  be- 
Fir.  so.  The  Annies  of  the  Helical  Paths  cause  the  lack  of  clearance  would 

described  hy  Points  A  and  B  show  why  • 

Antfle  of  Clearance  should  Increase   to-    make     It    impossible     to     sink     the 

ward  Drui  Point.  cutting    edges     into    the    metal; 

therefore,  when  there  is  insufficient  clearance  for  a  given  feed, 
the  drill  binds  back  of  the  cutting  edges,  and  is  subjected  to  an  ex- 
cessive twisting  strain.  Theoretically,  the  clearance  should  be  just 
enough  to  permit  the  drill  to  cut  freely,  because  excessive  clearance 
weakens  the  cutting  edges.  The  Cleveland  Twist  Drill  Co.  advocates  a 
clearance  angle  c  of  12  degrees  at  the  periphery  of  the  drill,  with  a 
gradual  increase  towards  the  center,  until  the  line  joining  the  two 
cutting  edges  makes  an  angle  x  somewhere  between  125  and  135  de- 
grees, as  shown  in  the  plan  view  at  B.  When  Boft  metal  is  to  be  drilled 
and  heavier  feeds  are  possible  the  angle  of  clearance  may  be  increased 
to  15  degrees,  whereas  for  hard  material  such  as  tool  steel,  for  example, 
the  amount  of  clearance  is  diminished,  as  a  fine  feed  must  necessarily 
be  used  and  a  strong  cutting  edge  is  required. 

As  previously  stated,  clearance  should  gradually  increase  toward  the 
drill  point.  The  reason  for  this  will  be  apparent  by  considering  the 
movement  of  two  points  A  and  B  (Fig.  35)  on  the  cutting  edge,  as 
the  drill  is  fed  downward,  one  point  being  much  nearer  the  center  than 
the  other.  Assuming  that  the  feed  is  constant,  the  path  described  by 
each  of  these  points  will  correspond  to  that  indicated  by  the  helical 
lines  shown.  As  the  vertical  distance  a?,  that  each  point  moves  per 
revolution  of  the  drill,  will  be  the  same,  the  angle  of  the  smaller  helix 
or  spiral  will  be  greater  than  that  of  the  larger  one.  The  angle  in 
each  case  indicates  the  minimum  clearance  necessary  at  that  particular 
point  for  a  feed  per  revolution  equivalent  to  the  distance  x.  The 
amount  of  feed  indicated  has  been  greatly  exaggerated  in  order  to  make 
the  comparison  clear. 
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As  the  correct  grinding  of  drills  by  hand  requires  considerable  time, 
even  by  an  experienced  workman,  special  grinders  are  often  employed 
for  this  purpose.  A  type  which  has  been  used  extensively  is  illus- 
trated in  Fig.  36.  This  grinder  so  controls  the  movement  of  the  drill 
with  relation  to  the  grinding  wheel,  that  the  end  is  given  the  correct 
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Plir.  SO.    Grinder  for  Sharpening  Drills 

form.  The  drill  to  be  ground  is  first  placed  between  the  caliper  jaws 
C  which  are  adjusted  to  the  diameter  of  the  drill.  This  adjustment 
is  effected  by  loosening  lever  L  and  shifting  the  sliding  jaw  the  re- 
quired amount.  The  drill  is  then  placed  in  V-shaped  holders  H  and  it 
is  turned  to  bring  the  lower  lip  against  a  hardened  stop  at  the  grind- 
ing end.  In  this  way  the  drill  is  properly  centered  and  located  with 
reference  to  the  face  of  the  Wheel.  The  point  of  the  drill  should  pro- 
ject about  1/16  inch  beyond  the  lip-rest,  and  the  shank  end  is  placed 
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against  an  adjustable  foot-stop  F.  The  entire  drill-holding  device 
should  be  clamped  in  such  a  position  that  the  drill  will  nearly  touch 
the  grinding  wheel  when  the  holder  is  swung  at  right  angles  to  the 
wheel  face.  The  grinding  Is  done  by"  oscillating  the  drill-holder  in 
bearing  B  which  is  inclined  to  the  face  of  the  grinding  wheel,  as 
shown.  After  one  lip  is  ground,  the  drill  is  turned  over  for  grinding 
the  opposite  side.  As  tihe  grinding  proceeds,  the  drill  is  gradually  fed 
against  the  wheel  by  turning  micrometer  screw  M  which  pushes  the 
foot-stop  F  forward.  This  screw  should  be  turned  to  the  same  gradua- 
tion for  grinding  each  side  of  the  drill,  in  order  to  secure  cutting  edges 
of  equal  length.  When  reversing  or  removing  the  drill,  the  holder 
should  be  swung  to  the  extreme  left. 

The  adjustment  of  the  caliper  Jaws  C,  previously  referred  to,  is  done 
to  give  drills  of  different  diameter  a  standard  clearance.  As  these 
jaws  are  opened  to  fit  a  drill  of  given  size,  the  lip  rest  and  end  of 
the  drill  is  advanced  with  relation  to  the  axis  of  bearing  B,  about 
which  the  holder  rotates.  If  tine  opening  between  the  jaws  is  made 
greater  than  the  diameter  of  the  drill,  the  clearance  will  be  less  than 
the  standard,  and,  inversely,  a  smaller  opening  will  increase  the  clear- 
ance. The  proper  way,  however,  to  vary  the  angle  of  clearance,  is  by 
loosening  hand  wSheel  A  and  turning  an  eccentric  bushing  in  which 
the  holder  rotates,  thus  moving  the  axis  of  rotation  toward  or  away 
from  the  grinding  wheel.  This  adjustment  is  indicated  by  suitable 
graduations,  and  it  is  not  changed  unless  it  is  desired  to  vary  the 
standard  clearance.  The  entire  holder  can  be  adjusted  in  or  out  by 
loosening  clamping  lever  Z>,  in  case  this  is  necessary  to  compensate 
for  the  wear  of  the  wheel  face  or  to  set  the  holder  in  correct  relation 
to  a  new  wheel. 

When  a  drill  has  been  shortened  considerably  by  repeated  grind- 
ing, the  point  or  web  becomes  thicker  because  the  grooves  of  twist 
drills  gradually  decrease  in  depth  toward  the  shank.  (The  grooves 
are  milled  in  this  way  in  order  to  strengthen  the  drill).  As  the  width 
of  the  point  increases,  more  pressure  is  required  for  feeding  the 
drill,  and  to  overcome  this,  the  point  should  be  made  thinner  by 
grinding.  The  grinder  shown  in  Fig.  36  has  a«  thin  elastic  emery 
wheel  on  the  left  end  of  the  spindle,  which  is  provided  for  the  thinning 
of  drill  points.  Care  should  be  taken  to  grind  away  an  equal  amount 
of  stock  on  each  side  of  the  point  in  order  to  keep  it  central. 
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CHAPTER  I 


THE  VERTICAL  BORING  MILL 

All  the  different  types  of  turning  machines  now  in  use  originated 
from  the  lathe.  Many  of  these  tools,  however,  do  not  resemble  the  lathe 
because,  in  the  process  of  evolution,  there  have  been  many  changes  made 
in  order  to  develop  turning  machines  for  handling  certain  classes  of 
work  to"  the  best  advantage.  The  machine  illustrated  in  Fig.  1  belongs 
to  the  lathe  family  and  is  known  as  a  vertical  boring  and  turning  mill. 
This  type,  as  the  name  implies,  is  used  for  boring  and  turning  opera- 
tions, and  it  is  very  efficient  for  work  within  its  range.  The  part  to  be 
machined  is  held  to  the  table  B  either  by  clamps  or  in  chuck  jaws  at- 
tached to  the  table.  When  the  machine  is  in  operation,  the  table,  re- 
volves and  the  turning  or  boring  tools  (which  are  held  in  tool-blocks  T) 
remain  stationary,  except  for  the  feeding  movement.  Very  often  more 
than  one  tool  is  used  at  a  time,  as  will  be  shown  later  by  examples  of 
vertical  boring  mill  work.  The  tool-blocks  T  are  inserted  in  tool-bars  Tx 
carried  by  saddles  8  which  are  mounted  on  cross-rail  C.  Each  tool- 
head  (consisting  of  a  saddle  and  tool-bar)  can  be  moved  horizontally 
along  crosB-rail  C,  and  the  tool-bars  Tx  have  a  vertical  movement.  These 
movements  can  be  effected  either  by  hand  or  power. 

When  a  surface  is  being  turned  parallel  to  the  work  table,  the  entire 
tool-head  moves  horizontally  along  the  cross-rail,  but  when  a  cylindrical 
surfaco  is  being  turned,  the  tool-bar  moves  vertically.  The  tool-heads 
are  moved  horizontally  by  the  screws  H  and  If,,  and  the  vertical  feed 
for  the  tool-bars  is  obtained  from  the  splined  shafts  V  and  V19  there 
being  a  separate  screw  and  shaft  for  each  head  so  that  the  feeding 
movements  are  independent.  These  feed  shafts  are  rotated  for  the  power 
feed  by  vertical  shafts  A  and  4,  on  each  side  of  the  machine.  These 
vertical  shafts  connect  with  the  feed  shafts  through  bevel  and  spur  gears 
located  at  the  ends  of  the  cross-rail.  On  most  boring  mills,  connection 
is  made  with  one  of  the  splined  shafts  V  or  screw  H,  by  a  removable 
gear,  which  is  placed  on  whichever  shaft  will  give  the  desired  direction 
of  feed.  The  particular  machine  illustrated  is  so  arranged  that  either 
the  right  or  left  screw  or  feed  shaft  can  be  engaged  by  simply  shifting 
levers  Dx  or  D. 

The  amount  of  feed  per  revolution  of  the  table  is  varied  for  each  tool- 
head  by  feed-changing  mechanisms  located  at  F  on  each  side  of  the 
machine.  These  feed  boxes  contain  gears  of  different  sizes,  and  by  chang- 
ing the  combinations  of  these  gears,  the  amount  of  feed  is  varied.  Five 
feed  changes  are  obtained  on  this  machine  by  shifting  lever  Et>  and  this 
number  is  doubled  by  shifting  lever  O.  By  having  two  feed  boxes,  the 
feeding  movement  of  each  head  can  be  varied  independently.  The  direc- 
tion of  either  the  horizontal  or  vertical  feed  can  be  reversed  by  lever 
R,  which  is  also  used  for  engaging  or  disengaging  the  feeds.  This 
machine  is  equipped  with  the  dials  J  and  Jf  which  can  be  set  to  auto- 
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matically  disengage  the  feed  at  any  predetermined  point.  There  are 
also  micrometer  dials  graduated  to  thousandths  of  an  inch  and  used 
for  adjusting  the  tools  without  the  use  of  measuring  instruments. 

The  work  table  B  is  driven  indirectly  from  a  belt  pulley  at  the  rear, 
which  transmits  the  power  through  gearing.  The  speed  of  the  table 
can  be  varied  for  turning  large  or  small  parts,  by  levers  J  and  K,  and 
the  table  can  be  started,  stopped  or  rotated  part  of  a  revolution  by  lever 
L  which  connects  with  a  friction  clutch.    There  are  corresponding  feed 
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and  speed  levers  on  the  opposite  side,  so  that  the  machine  can  be  con- 
trolled from  either  position. 

The  heads  can  be  adjusted  along  the  cross-rail  for  setting  the  tools  by 
hand-cranks  N,  and  the  tool  slides  can  be  moved  vertically  by  turning 
shafts  V  with  the  same  cranks.  With  this  machine,  however,  these  ad- 
justments do  not  have  to  be  made  by  hand,  ordinarily,  as  there  are  rapid 
power  movements  controlled  by.  levers  M.  These  levers  automatically 
disengage  the  feeds  and  enable  the  tool-heads  to  be  rapidly  shifted  to 
the  required  position,  the  direction  of  the  movement  depending  upon  the 
position  of  the  feed  reverse  lever  R  and  lever  D.  This  rapid  traverse, 
which  is  a  feature  applied  to  modern  boring  mills  of  medium  and  large 
size,  saves  time  and  the  labor  connected  with  hand  adjustments.     The 
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cross-rail  C  has  a  vertical  adjustment  on  the  faces  of  the  right  and  left 
housings  which  support  it,  in  order  to  locate  the  tool-heads  at  the  right 
height  for  the  work.  This  adjustment  is  effected  by  power  and  is  con- 
trolled by  levers  at  the  sides  of  the  housings.  Normally,  the  cross-rail  is 
bolted  to  the  housings,  an/1  these  bolts  must  be  loosened  before  making 

the  adjustment, 
and  must  always 
be  tightened  after- 
wards. 

The  function  of 
these  different  lev- 
ers has  been  ex- 
plained to  show,  in 
a  general  way,  how 
a  vertical  boring 
machine  is  oper- 
ated. It  should  be 
understood,  how- 
ever, that  the  ar- 
rangement differs 
considerably  on  ma- 
chines of  different 
makes.  The  eon- 
struction  also 
varies  considerably 
on  machines  of  the 
same  make  but  of 
different  size.  All 
modern  vertical 
boring  mills  of 
medium  and  large 
sizes  are  equipped 
with  two  tool-heads, 
as  shown  in  Fig.  1, 
because  a  great 
deal  of  work  done 
on  a  machine  of 
this  type  can  have 
two  surfaces  ma- 
chined    simultane- 


Pig-.  2.    Small  Boring  and  Turning  Mill  with 
Single  Turret-head 


ously.  On  the  other  hand,  small  mills  of  the  type  illustrated  in  Fig.  2 
have  a  single  head.  The  tool-slide,  instead  of  having  a  single  tool-block, 
carries  a  five-sided  turret  T  in  which  different  tools  can  be  mounted. 
These  tools  are  shifted  to  the  working  position  as  they  are  needed,  by 
loosening  binder  lever  L  and  turning  or  "indexing"  the  turret.  The 
turret  is  located  and  locked  in  any  of  its  five  positions  by  lever  /.  which 
controls  a  plunger  that  engages  notches  at  the  rear.  Frequently,  all 
the  tools  for  machining  a  part  can  be  held  in  the  turret,  so  that  little 
time  is  required  for  changing  from  one  tool  to  the  next.  Some  large 
machines  having  two  tool-heads   are  also  equipped  with  a  turret  on 

one  head. 
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CHAPTER  II 

BORING  AND  TURNING  IN  A  VERTICAL 
BORING  MILL 

The  vertical  boring  mill  Is,  in  many  respects,  like  a  lathe  placed  in  a 
vertical  position,  the  table  of  the  mill  corresponding  to  the  faceplate  or 
chuck  of  the  lathe  and  the  tool-head  to  the  lathe  carriage.  Much  of  the 
work  done  by  a  vertical  mill  could  also  be  machined  in  a  lathe,  but  the 
former  is  much  more  efficient  for  work  within  its  range.  To  begin  with, 
it  is  more  convenient  to  clamp  work  to  a  horizontal  table  than  to  the 
vertical  surface  of  a  lathe  faceplate,  or,  as  someone  has  aptly  said,  "It 
is  easier  to  lay  a  piece  down  than  to  hang  it  up."  This  is  especially  true 
of  the  heavy  parts  for  which  the  boring  mill  is  principally  used.  Very 
deep  roughing  cuts  can  also  be  taken  with  a  vertical  mill.  The  vertical 
mill  is  designed  for  turning  and  boring  work  which,  generally  speaking, 
is  quite  large  in  diameter  in  proportion  to  the  width  or  height.  The 
work  varies  greatly,  especially  in  regard  to  its  diameter,  so  that  boring 
mills  are  built  in  a  large  range  of  sizes.  The  small  and  medium  sizes 
will  swing  work  varying  from  about  30  inches  to  6  or  7  feet  in  diameter, 
whereas  large  machines,  such  as  are  used  for  turning  very  large  fly- 
wheels, sheaves,  etc.,  have  a  swing  of  16  or  20  feet  and  larger  sizes  are 
used  in  some  shops.  The  size  of  a  vertical  mill,  like  any  other  machine 
tool,  should  be  somewhat  in  proportion  to  the  size  of  the  work  for  which 
it  Is  intended,  as  a  very  large  machine  is  unwieldy,  and,  therefore,  in- 
efficient for  machining  comparatively  small  parts. 

Chucking  and  Setting  Work  on  the  Boring  Mill  Table 
There  are  three  general  methods  of  holding  work  to  the  table  of  a 
boring  mill;  namely,  by  the  use  of  chucks,  by  ordinary  bolts  and  clamps, 
or  in  special  fixtures.  Chucks  which  are  built  into  the  table  (as  illus- 
trated in  Fig.  2)  and  have  either  universal  or  independent  adjustments 
for  the  jaws,  can  be  used  to  advantage  for  holding  castings  that  are 
either  round  or  irregular  in  shape.  The  universal  adjustment  is  used 
for  cylindrical  parts,  such  as  disks,  flywheels,  gear  blanks,  etc.,  and  the 
independent  adjustment,  for  castings  of  irregular  shape.  Chucks  which 
have  either  an  independent  or  universal  movement  for  the  jaws  are 
known  as  a  "combination"  type  and  usually  have  three  jaws.  There 
is  also  a  four-jaw  type  which  has  the  independent  adjustment  only.  This 
style  is  preferable  for  work  that  is  not  cylindrical  and  which  must  be 
held  very  securely.  Chuck  jaws  that  do  not  form  a  part  of  the  machine 
table  but  are  bolted  to  it  in  the  required  position,  are  also  employed 
extensively,  especially  on  comparatively  large  machines.  Independent 
chuck  Jaws  of  this  type  are  shown  in  Fig.  9. 

Most  of  the  work  done  in  a  vertical  mill  is  held  in  a  chuck.  Occa- 
sionally, however,  it  is  preferable  to  clamp  a  part  directly  to  the  table. 
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This  may  be  desirable  because  of  the  shape  and  size  of  the  work,  or 
because  it  is  necessary  to  hold  a  previously  machined  surface  directly 
against  th#  table  in  order  to  secure  greater  accuracy.  Sometimes  a  cast- 
ing is  held  in  the  chuck  for  turning  one  side,  and  then  the  finished  side 
is  clamped  against  the  table  for  turning  the  opposite  side.  Parts  which 
are  to  be  machined  in  large  quantities  are  often  held  in  special  fixtures. 
This  method  is  employed  when  it  enables  the  work  to  be  set  up  more 
quickly  than  would  be  possible  if  regular  clamps  or  chuck  jaws  were 
used. 

Work  that  is  to  be  turned  or  bored  should  first  be  set  so  t*hat  the  part 
to  be  machined  is  about  central  with  the  table.    For  example,  the  rim 

of  a  flywheel 
should  be  set  to 
run  true  so  that  it 
can  be  finished  by 
removing  about  the 
same  amount  of 
metal  around  the 
entire  rim;  in 
other  words,  the 
rim  should  be  set 
concentric  with  the 
table,  as  shown  in 
Pig.  3,  and  the 
sides  of  the  rim 
should  also  be 
p  a  r  a  1 1  el  to  the 
table.  A  simple 
tool  that  is  very 
useful  for  testing 
the  position  of  any 
cylindrical  casting 
consists  of  a  wooden  shank  into  which  is  inserted  a  piece  of  wire, 
having  one  end  bent.  This  tool  is  clamped  in  the  toolpost  and  as 
the  work  revolves,  the  wire  is  adjusted  close  to  the  cylinderical  sur- 
face being  tested.  The  movement  of  the  work  with  relation  to  the 
stationary  wire  point  will,  of  course,  show  whether  or  not  the  part 
runs  true.  The  advantage  of  using  a  piece  of  wire  for  testing,  instead 
of  a  rigid  tool,  is  that  the  wire,  owing  to  its  flexibility,  will  simply 
be  bent  backward  if  it  is  moved  too  close  to  a  surface  which  is 
considerably  out  of  true.  The  upper  surface  of  a  casting  can  be  tested 
for  parallelism  with  the  table  by  using  this  same  wire  gage,  or  by  com- 
paring it  with  a  tool  held  in  the  tool-post.  An  ordinary  surface  gage  is 
also  used  for  this  purpose.  The  proper  surface  to  set  true,  in  any  case, 
depends  upon  the  requirements.  A  plain  cylindrical  disk  would  be  set 
so  that  the  outside  ran  true  and  the  top  surface  was  parallel  with  the 
table.  When  setting  a  flywheel,  if  the  inside  is  to  remain  rough,  the 
casting  should  be  set  by  this  surface  rather  than  by  the  outside,  so  that 
the  rim,  when  finished,  will  be  uniform  in  thickness. 


Fig*.  8.    Flan  View  ehowin?  Flywheel  Casting 
Chunked  for  Turning 
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As  far  as  possible,  chucks  should  be  used  for  holding  cylindrical  parts, 
owing  to  their  convenience.  The  jaws  should  be  set  against  an  interior 
cylindrical  surface  whenever  this  is  feasible.  To  illustrate,  the  flywheel 
in  Fig.  3  is  gripped  by  the  inside  of  the  rim  which  permits  the  outside 
to  be  turned  at  this  setting  of  the  work.  The  flywheel  casting  should 
also  be  set  in  the  chuck  so  that  a  spoke  rests  against  one  of  the  jaws  as 
at  d.  This  jaw  will  then  act  as  a  driver  and  prevent  the  casting  from 
slipping  or  turning  in  the  chuck  jaws,  owing  to  the  tangential  pressure 
of  the  turning  tool.  When  a  cut  is  being  taken,  the  table  and  work 
rotates  rfs  shown  by  arrow  a,  and  the  thrust  of  the  cut  (taken  by  tool  t) 
tends  to  move  the  wheel  backward  against  the  direction  of  rotation  as 
shown  by  arrow  o.  If  one  of  the  chuck  jaws  bears  against  one  of  the 
spokes,  this  movement  is  prevented.    It  is  not  always  feasible  to  use  a 


Flff.  4.    (A)  Turning-  a  Plat  Surface.    (B)  Turning*  a  Cylindrical  Surface 

chuck  jaw  as  a  driver  and  then  a  special  driver  having  the  form  of  a 
small  angle-plate,  is  sometimes  bolted  directly  to  the  table.  Another 
method  of  driving  is  to  set  a  brace  between  a  spoke  or  projection  on 
the  work  and  a  chuck  jaw  or  strip  attached  to  the  table.  Drivers  are 
not  only  used  for  flywheels,  but  in  connection  with  any  large  casting, 
especially  when  heavy  cuts  have  to  be  taken.  Of  course,  some  castings 
are  so  shaped  that  drivers  cannot  be  employed. 

Turning  in  a  Boring  Mill 
The  vertical  type  of  boring  mill  is  used  more  for  turning  cylindrical 
surfaces  than  for  actual  boring,  although  a  large  part  of  the  work  re- 
quires both  turning  and  boring.  We  shall  first  consider,  in  a  general 
way,  how  surfaces  are  turned  and  then  refer  to  some  boring  operations. 
The  diagram  A,  Fig.  4,  illustrates  how  a  horizontal  surface  would  be 
turned.  The  tool  t  is  clamped  in  tool-block  tu  in  a  vertical  position,  and 
it  is  fed  horizontally  as  the  table  and  work  rotates.  The  tool  is  first 
adjusted  by  hand  for  the  proper  depth  of  cut  and  the  automatic  horizon- 
tal feed  is  then  engaged.  When  a  cylindrical  surface  is  to  be  turned, 
the  tool  (provided  a  straight  tool  is  used)  is  clamped  in  a  horizontal 
position  and  is  fed  downward  as  indicated  at  B.    The  amount  that  the 


Digitized  by 


Google 


THE  VERTICAL  BORING  MILL 


tool  should  feed  per  revolution  of  the  work  depends  upon  the  kind  of 
material  being  turned,  the  diameter  of  the  turned  part  and  the  depth 
of  the  cut. 

Most  of  the  work  machined  in  a  vertical  boring  mill  is  made  of  cast 
iron  and,  ordinarily,  at  least  one  roughing  and  one  finishing  cut  is 
taken.    The  number  of  roughing  cuts  required  in  any  case  depends,  of 
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Fig.  6.    Methods  of  Boring1  and  Reaming-  Holes 

course,  upon  the  amount  of  metal  to  be  removed.  An  ordinary  roughing 
cut  in  soft  cast  iron  might  vary  in  depth  from  1/8  to  3/8  inch  and  the 
tool  would  probably  have  a  feed  per  revolution  of  from  1/16  to  1/8  inch, 
although  deeper  cuts  and  coarser  feeds  are  sometimes  taken.  These 
figures  are  merely  given  to  show,  in  a  general  way,  what  cuts  and  feeds 
are  practicable.  The  tool  used  for  roughing  usually  has  a  rounded  end 
which  leaves  a  ridged  or  rough  surface.     To  obtain  a  smooth  finish, 


Fig.  6.    Boring  with  Regular  Turning  Tools 

broad  flat  tools  are  used.  The  flat  cutting  edge  is  set  parallel  to  the 
tool's  travel  and  a  coarse  feed  is  used  in  order  to  reduce  the  time  re- 
quired for  taking  the  cut.  The  finishing  feeds  for  cast  iron  vary  from 
1/4  to  3/4  inch  on  ordinary  work.  The  different  tools  used  on  the  ver- 
tical mill  will  be  referred  to  more  in  detail  later. 

All  medium  and  large  sized  vertical  boring  mills  are  equipped  with 
two  tool-heads  and  two  tools  are  frequently  used  at  the  same  time,  espe- 
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cially  on  large  Work.  Fig.  9  illustrates  the  use  of  two  tools  simultane- 
ously. The  casting  shown  is  a  flywheel,  and  the  tool  on  the  right  side 
turns  the  upper  side  of  the  rim,  while  the  tool  on  the  left  side  turns  the 
outside  or  periphery.  As  a  boring  mill  table  rotates  in  a  counter-clock- 
wise direction,  the  left-hand  tool  is  reversed  to  bring  the  cutting  edge 
at  the  rear.  By  turning  two  surfaces  at  once,  the  total  time  for  ma- 
chining the  casting  is,  of  course,  greatly  reduqed.    The  turning  of  fly- 
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Flff.  7.    Set  of  Borlnff  Mill  Tools 

wheels  is  a  very  common  vertical  boring  mill  operation,  and  this  work 
will  be  referred  to  in  detail  later  on. 

Boring  Operations 
There  are  several  methods  of  machining  holes  in  the  vertical  boring 
mill.  Ordinarily,  small  holes  are  cored  in  castings  and  it  is  simply 
necessary  to  finish  the  rough  surface  to  the  required  diameter.  Some 
of  the  tools  used  for  boring  and  finishing  holes  are  shown  in  Fig.  5. 
Sketch  A  shows  a  boring  tool  consisting  of  a  cutter  c  inserted  in  a 
shank,  which,  in  turn,  is  held  in  the  tool  Slide,  or  in  a  turret  attached 
to  the  tool  slide.  With  a  tool  of  this  type,  a  hole  is  bored  by  taking 
one  or  more  cuts  down  through  it.  The  tool  shown  at  B  is  a  four-lipped 
drill  which  is  used  for  drilling  cored  holes  preparatory  to  finishing  by 
a  cutter  or  reamer.  This  drill  would  probably  finish  a  hole  to  within 
about  1/32  inch  of  the  finish  diameter,  thus  leaving  a  small  amount  of 
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metal  for  the  reamer  to  remove.  The  tool  illustrated  at  C  has  a  double- 
ended  flat  cutter  r,  which  cuts  on  both  sides.  These  cutters  are  often 
made  in  sets  for  boring  duplicate  parts.  Ordinarily,  there  are  two  cut- 
ters in  a  set,  one  being  used  for  roughing  and  the  other  for  finishing. 
The  cutter  passes  through  a  rectangular  slot  in  the  bar  and  this  particu- 
lar style  is  centrally  located  by  shoulders  «,  and  is  held  by  a  taper  pin 
p.  Some  cutter  bars  have  an  extension  end  which  passes  through  a 
close-fitting  bushing  in  the  table  to  steady  the  bar.  Sketch  D  shows  a 
finishing  reamer.  This  tool  takes  a  very  light  cut  and  is  intended  to 
finish  holes  that  have  been  previously  bored  close  to  the  required  size. 


Fig.  8.    Diagrams  Illustrating  Uss  of  Different  Forms  of  Tools 

Sometimes  a  flat  cutter  C  is  used  for  roughing  and  a  reamer  for  finish- 
ing. The  reamer  is  especially  desirable  for  interchangeable  work,  when 
all  holes  must  have  a  smooth  finish  and  be  of  the  same  size.  When  a 
reamer  is  held  rigidly  to  a  turret  or  tool-slide,  it  is  liable  to  produce  a 
hole  that  is  either  tapering  or  larger  than  the  reamer  diameter.  To 
prevent  this,  the  reamer  should  be  held  in  a  "floating"  holder  which, 
by  means  of  a  slight  adjustment,  allows  the  reamer  to  align  itself  with 
the  hole.  There  are  several  methods  of  securing  this  "floating"  move- 
ment 

Large  holes  or  interior  cylindrical  surfaces  are  bored  by  tools  held 
in  the  regular  tool-head.  The  tool  is  sometimes  clamped  in  a  horizontal 
position  as  shown  at  A,  Fig.  6,  or  a  bent  type  is  used  as  at  B.  Cast  iron 
is  usually  finished  by  a  broad  flat  tool  as  at  C,  the  same  as  when  turning 
exterior  surfaces.  Obviously  a  hole  that  is  bored  in  this  way  must  be 
large  enough  to  admit  the  tool-block. 
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Turning*  Tools  for  the  Vertical  Boring*  Mill 

A  set  of  turning  tools  for  the  vertical  boring  mill  is  shown  In  Fig.  7. 
These  tools  can.be  used  for  a  wide  variety  of  ordinary  turning  operations. 
When  a  great  many  duplicate  parts  are  to  be  machined,  special  tool 
equipment  can  often  be  used  to  advantage,  but  as  the  form  of  this  equip- 
ment depends  upon  the  character  of  the  work,  only  standard  tools  have 
been  illustrated  herewith.  The  tool  shown  at  A  is  a  right-hand,  "hog- 
nose"  roughing  tool,  and  a  left-hand  tool  of  the  same  type  is  shown  at  B. 
Tool  C  is  an  offset  or  bent,  left-hand  round  nose  for  roughing,  and  D  is  a 
right-hand  offset  tool.  A  straight  round  nose  is  shown  at  E.  Tool  F  has 
a  flat,  broad  cutting  edge  and  is  used  for  finishing.    Left-  and  right-hand 


Flff.  9.    Turning  the  Rim  of  a  Flywheel 

finishing  tools  of  the  offset  type  are  shown  at  O  and  H,  respectively. 
Tool  I  has  a  square  end  and  is  used  for  cutting  grooves.  Right-  and 
left-hand  parting  tools  are  shown  at  J  and  A\  and  tool  L  is  a  form  fre- 
quently used  for  rounding  corners. 

The  diagrams  in  Fig.  8  show,  in  a  general  way,  how  each  of  the  tools 
illustrated  in  Fig.  7  are  used,  and  corresponding  tools  are  marked  by  the 
same  reference  letters  in  both  of  these  illustrations.  The  right-  and 
left-hand  roughing  tools  A  and  B  are  especially  adapted  for  taking  deep 
roughing  cuts.  One  feeds  away  from  the  center  of  the  table,  or  to  the 
right  (when  held  in  the  right-hand  tool-block)  and  the  other  tool  is 
ground  to  feed  in  the  opposite  direction.  Ordinarily,  when  turning  plain 
flat  surfaces,  the  cut  is  started  at  the  outside  and  the  tool  feeds  toward 
the  center,  as  at  B,  although  it  is  sometimes  more  convenient  to  feed  in 
the  opposite  direction,  as  at  A.  The  tool  shown  at  A  could  also  be  used 
for  turning  cylindrical  surfaces,  by  clamping  it  in  a  horizontal  position 
across  the  bottom  of  the  tool-block.  The  feeding  movement  would  then 
be  downward  or  at  right-angles  to  the  work  table.    The  offset  round-nose 
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tools  C  and  D  are  for  turning  exterior  or  interior  cylinder  surfaces.  As 
this  form  of  tool  extends  below  the  tool-block,  it  can  be  fed  down  close 
to  a  shoulder.  The  straight  type  shown  at  E  is  adapted  for  steel^or  iron, 
and  when  the  point  is  drawn  out  narrower,  it  is  also  used  for  brass, 
although  the  front  is  then  ground  without  slope.  Tool  F  is  for  light  fin- 
ishing cuts  and  broad  feeds.  The  amount  of  feed  per  revolution  of  the 
work  should  always  be  less  than  the  width  of  the  cutting  edge.  The 
offset  tools  G  and  H  are  for  finishing  exterior  and  interior  cylindrical 
surfaces.  These  tools  also  have  horizontal  cutting  edges  and  are  some- 
times used  for  first  finishing  a  cylindrical  and  then  a  horizontal  surface, 
or  vice  versa.  Tool  J  is  adapted  to  such  work  as  cutting  packing-ring 
grooves  in  engine  pistons,  forming  square  or  rectangular  grooves,  and 
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Fig*.  lO.    Tool  B  set  for  Borinjr  the  Hub 

similar  work.  The  parting  tools  /  and  K  can  also  be  used  for  forming 
narrow  grooves  or  for  cutting  off  rings,  etc.  The  sketch  K  (Fig.  8)  indi- 
cates how  the  left-hand  tool  might  be  used  for  squaring  a  corner  under 
a  shoulder.  Tool  L  is  frequently  used  on  boring  mills  for  rounding  the 
corners  of  flywheel  rims,  in  order  to  give  them  a  more  finished  appear- 
ance.   It  has  two  cutting  edges  so  that  either  side  can  be  used. 

The  turning  tools  of  a  vertical  boring  mill  are  similar,  in  many  re- 
spects, to  those  used  on  a  lathe,  although  the  shanks  of  the  former  are 
shorter  and  more  stocky  than  those  of  lathe  tools.  The  cutting  edges  of 
some  of  the  tools  also  differ  somewhat,  but  the  principles  which  govern 
the  grinding  of  lathe  and  boring  mill  tools  are  identical,  and  those  who 
are  not  familiar  with  tool  grinding  are  referred  to  Machinery's  Refer- 
ence Book  No.  92  on  lathe  work,  in  which  this  subject  is  treated. 

Turning1  a  Flywheel  on  a  Vertical  Mill 

The  turning  of  a  flywheel  is  a  good  example  of  the  kind  of  work  for 
which  a  vertical  boring  mill  is  adapted.    A  flywheel  should  preferably 
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be  machined  on  a  double-head  mill  so  that  one  side  and  the  periphery  of 
the  rim  can  be  turned  at  the  same  time.  A  common  method  of  holding 
a  flywheel  is  shown  in  Fig.  9.  The  rim  is  gripped  by  four  chuck  jaws  D 
which,  if  practicable,  should  be  on  the  inside  where  they  will  not  inter* 
fere  with  the  movement  of  the  tool.  Two  of  the  jaws,  in  this  case,  are 
set  against  the  spokes  on  opposite  sides  of  the  wheel,  to  act  as  drivers 
and  prevent  any  backward  shifting  of  work  when  a  heavy  cut  is  being 
taken.  The  illustration  shows  the  tool  to  the  right  rough  turning  the 
side  of  the  rim,  while  the  left-hand  tool  turns  the  periphery.  Finishing 
cuts  are  also  taken  over  the  rim,  at  this  setting,  and  the  hub  is  turned 
on  the  outside,  faced  on  top,  and  the  hole  bored.    The  three  tools  A,  B 


Flff.  12.    Gisholt  Mill  equipped  with  Convex  Turning  Attachment 

and  C,  for  finishing  the  hole,  are  mounted  in  the  turret.  Bar  A,  which 
carries  a  cutter  at  its  end,  first  rough  bores  the  hole.  The  sizing  cutter  B 
is  then  used  to  straighten  it  before  inserting  the  finishing  reamer  C. 
Fig.  10  shows  the  turret  moved  over  to  a  central  position  and  the  sizing 
cutter  B  set  for  boring.  The  head  is  centrally  located  (on  this  particu- 
lar machine)  by  a  positive  center-stop.  The  turret  is  indexed  for  bring- 
ing the  different  tools  into  the  working  position,  by  loosening  the  clamp- 
ing lever  L  and  pulling  down  lever  /  which  disengages  the  turret  lock- 
pin.  When  all  the  flywheels  in  a  lot  have  been  machined  as  described, 
the  opposite  side  is  finished. 

In  order  to  show  more  clearly  the  method  of  handling  work  of  thi3 
class,  the  machining  of  a  flywheel  will  be  explained  more  in  detail  in 
connection  with  Fig.  11,  which  illustrates  practically  the  same  equip* 
ment  as  is  shown  in  Figs.  9  and  10.  The  successive  order  in  which  tho 
various  operations  are  performed  is  as  follows:     Tool  a  (see  sketch  A) 
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rough  turns  the  side  of  the  rim,  while  tool  5,  which  is  set  with  its  cut- 
ting edge  toward  the  rear,  rough  turns  the  outside.  The  direction  In 
which  each  tool  moves  is  indicated  by  the  arrows.  When  tool  a  has 
crossed  the  rim,  It  is  moved  over  for  facing  the  hub,  as  shown  by  the 
dotted  lines.  The  side  and  periphery  of  the  rim  is  next  finished  by  the 
broad-nose  finishing  tools  c  and  d  (see  sketch  £).  The  feed  should  be 
increased  for  finishing,  so  that  each  tool  will  have  a  movement  of  say 
1/4  or  3/8  inch  per  revolution  of  the  work,  and  the  cuts  should  be  deep 
enough  to  remove  the  marks  made  by  the  roughing  tools.  Tool  c  is  also 
used  for  finishing  the  hub  as  indicated  by  the  dotted  lines.  After  these 
cuts  are  taken,  the  outside  of  the  hub  and  inner  surface  of  rim  are 


Fig.  13.    Turning'  a  Taper  or  Conical  Surface 


usually  turned  down  as  far  as  the  spokes,  by  using  offset  tools  similar 
to  the  ones  shown  at  C  and  D  in  Fig.  7.  The  corners  of  the  rim  and 
hub  are  also  rounded  to  give  the  work  a  more  finished  appearance,  by 
using  a  tool  L. 

The  next  operation  is  that  of  finishing  the  hole  through  the  hub.  The 
hard  scale  is  first  removed  by  a  roughing  cutter  r  (sketch  C),  which  is 
followed  by  a  "sizing"  cutter  s.  The  hole  is  then  finished  smooth  and 
to  the  right  diameter  by  reamer  /.  The  bars  carrying  cutters  r  and  * 
have  extensions  or  "pilots"  which  enter  a  close-fitting  bushing  in  the 
table,  in  order  to  steady  the  bar  and  hold  it  in  alignment 

When  the  hole  is  finished,  the  wheel  is  turned  over,  so  that  the  lower 
side  of  the  rim  and  hub  can  be  faced.  The  method  of  holding  the  work 
for  the  final  operation  is  shown  at  D.  The  chuck  Jaws  are  removed,  and 
the  finished  side  of  the  rim  is  clamped  against  parallels  p  resting  on  the 
table.  The  wheel  is  centrally  located  for  turning  this  side  by  a  plug  c 
which  is  inserted  in  a  hole  in  the  table  and  fits  the  bore  of  the  hub. 
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The  work  is  held  by  clamps  which  bear  against  the  spokes.  Roughing 
and  finishing  cuts  are  next  taken  over  the  rim  and  hub  and  the  corners 
are  rounded,  which  completes  the  machining  operations.  If  the  rim 
needs  to  be  a  certain  width,  about  the  same  amount  of  metal  should  be 
removed  from  each  side,  unless  sandy  spots  or  "blow-holes"  in  the  cast- 
ing make  it  necessary  to  take  more  from  one  side  than  the  other.  That 
side  of  the  rim  which  was  up  when  the  casting  was  made,  should  be 


Flff.  14.    Turning  a  Conical  Surface  by  using1  the  Combined  Vertical 
and  Horizontal  Feeds 

turned  first,  because  the  porous,  spongy  spots  usually  form  on  the  "cope" 
or  top  side  of  a  casting. 

Convex  Turning1  Attachment  for  Boring  Mills 
Fig.  12  shows  a  vertical  boring  mill  arranged  for  turning  pulleys  hav- 
ing convex  rims;  that  is,  the  rim,  instead  of  being  cylindrical,  is  rounded 
somewhat  so  that  it  slopes  from  the  center  toward  either  side.  The 
reason  for  turning  a  pulley  rim  convex  is  to  prevent  the  belt  from  run- 
ning off  at  one  side,  as  it  sometimes  tends  to  do  when  a  cylindrical 
pulley  is  used.  The  convex  surface  is  produced  by  a  special  attachment 
which  causes  the  turning  tool  to  gradually  move  outward  as  it  feeds 
down,  until  the  center  of  the  rim  is  reached,  after  which  the  movement 
is  inward. 

This  attachment  consists  of  a  special  box-shaped  tool-head  F  contain- 
ing a  sliding  holder  G,  in  which  the  tool  is  clamped  by  set-screws  pass- 
ing through  elongated  slots  in  the  front  of  the  tool-head.  In  addition, 
there  is  a  radius  link  L  which  swivels  on  a  stud  at  the  rear  of  the  tool- 
head  and  is  attached  to  vertical  link  H.    Link  L  is  so  connected  to  the 
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sliding  tool-block  that  any  downward  movement  of  the  tool-bar  I  causes 
the  tool  to  move  outward  until  the  link  is  in  a  horizontal  position,  alter 
which  the  movement  is  reversed.  When  the  attachment  is  first  set  up, 
the  turning  tool  is  placed  at  the  center  of  the  rim  and  then  link  L  is 
clamped  to  the  vertical  link  while  in  a  horizontal  position.  The  cut  is 
started  at  the  top  edge  of  the  rim,  and  the  tool  is  fed  downward  by 
power,  the  same  as  when  turning  a  cylindrical  surface.  The  amount  of 
curvature  or  convexity  of  a  rim  can  be  varied  by  inserting  the  clamp 
bolt  J  in  different  holes  in  link  L. 

The  tools  for  machining  the  hub  and  sides  of  the  rim  are  held  In  a 
turret  mounted  on  the  left-hand  head,  as  shown.  The  special  tool-holder 
A  contains  two  bent  tools  for  turning  the  upper  and  lower  edges  of  the 
pulley  rim  at  the  same  time.    Roughing  and  finishing  tools  B  are  for 
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Fig".  15.    Diagram  showing  Method  of  Obtaining  Angular  Position  of  Tool-head  when 
Turning  Conical  Surfaces  by  using  Vertical  and  Horizontal  Feeding  Movements 

facing  the  hub,  and  the  tools  C,  D,  and  E  rough  bore  and  finish  the  hole 
for  the  shaft. 

Turning  Taper  or  Conical  Surfaces 

Conical  or  taper  surfaces  are  turned  in  a  vertical  boring  mill  by 
swiveling  the  tool-bar  to  the  proper  angle,  as  shown  in  Fig.  13.  When 
the  taper  is  given  in  degrees,  the  tool-bar  can  be  set  by  graduations  on 
the  edge  of  the  circular  base  £,  which  show  the  angle  a  to  which  the  bar 
is  swiveled  frcm  a  vertical  position.  The  base  turns  on  a  central  stud 
and  is  secured  to  the  saddle  £  by  the  bolts  shown,  which  should  be 
tightened  after  the  tool-bar  is  set.  The  vertical  power  feed  can  be  used 
for  taper  turning,  the  same  as  for  cylindrical  work. 

Occasionally  it  is  necessary  to  machine  a  conical  surface  which  has 
such  a  large  included  angle  that  the  tcol-bar  cannot  be  swiveled  far 
enough  around  to  permit  turning  by  the  method  illustrated  in  Fig.  13. 
Another  method,  which  is  sometimes  resorted  to  for  work  of  this  class, 
is  to  use  the  combined  vertical  and  horizontal  feeds.    Suppose  we  want 
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to  turn  the  conical  casting  W  (Fig.  14),  to  an  angle  of  30  degrees,  as 
shown,  and  that  the  tool-head  of  the  boring  mill  moves  horizontally  1/4 
Inch  per  turn  of  the  screw  and  has  a  vertical  movement  of  3/16  inch  per 
turn  of  the  upper  feed-shaft.  If  the  two  feeds  are  used  simultaneously, 
the  tool  will  move  a  distance  h  of  say  8  inches,  while  it  moves  down- 
ward a  distance  v  of  6  inches,  thus  turning  the  surface  to  an  angle  y. 
This  angle  is  greater  (as  measured  from  a  horizontal  plane)  than  the 
angle  required,  but,  if  the  tool-bar  is  swiveled  to  an  angle  x,  the  tool, 
as  it  moves  downward,  will  also  be  advanced  horizontally,  in  addition  to 
the  regular  horizontal  movement.  The  result  is  that  angle  y  is  dimin- 
ished, and-  ff  the  tool-bar  is  set  over  the  right  amount,  the  conical  sur- 
face can  be  turned  to  an  angle  a  of  30  degrees.  The  problem,  then,  is 
to  determine  what  the  angle  x  should  be  for  turning  to  a  given  angle  a. 
The  way  angle  x  is  calculated  will  be  explained  in  connection  with  the 
enlarged  diagram,  Fig.  15,  which  shows  one-half  of  the  casting. 

The  sine  of  the  known  angle  a  is  first  found  in  a  table  of  natural 
sines.     Then  the  sine  of  angle  o  is  determined  as  follows:   sin  b  = 
sin  a  X  h 
,  in  which  h  represents  the  rate  of  horizontal  feed  and  v  the 
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rate  of  vertical  feed.  The  angle  corresponding  to  sine  o  is  next  found 
in  the  table  of  sines.  We  now  have  angles  o  and  a.  and  by  subtracting 
these  angles  from  90  degrees,  the  desired  angle  x  is  obtained.  To  illus- 
trate: 

0.5  X  1/4 

The  sine  of  30  degrees  Is  0.5;  then  sin  o  = =  0.6666;  hence 

3/16 
angle  o  =  41  degrees  49  minutes,  and  x  =  90°  —  (30°  -f  41°  49')  =  18  de- 
grees 11  minutes. 

If  angle  a  were  greater  than  angle  y  obtained  from  the  combined  feeds 
with  the  tool-bar  in  a  vertical  position,  it  would  then  be  necessary  to 
swing  the  lower  end  of  the  bar  to  the  left  rather  than  to  the  right  of  a 
vertical  plane. 
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CHAPTER  III 

TURRET-LATHE  TYPE  OP  VERTICAL 
BORING  MILL 

The  machine  illustrated  in  Fig.  16  was  designed  to  combine  the  ad- 
vantages of  the  horizontal  turret  lathe  and  the  vertical  boring  mill.  It 
is  known  as  a  "vertical  turret  lathe,"  but  resembles,  in  many  respects, 
a  vertical  boring  mill.  This  machine  has  a  turret  on  the  cross-rail  the 
same  as  the  vertical  boring  mill,  and,  in  addition,  a  side-head  8.  The 
side-head  has  a  vertical  feeding  movement,  and  the  tool-bar  T  can  be  fed 
horizontally.  The  tool-bar  is  also  equipped  with  a  four-sided  turret  for 
holding  turning  tools.  This  arrangement  of  the  tool-heads  makes  it 
possible  to  use  two  tools  simultaneously  upon  comparatively  small  work. 
When  both  heads  are  mounted  on  the  cross  rail,  as  with  a  double-head 
boring  mill,  it  is  often  impossible  to  machine  certain  parts  to  advantage, 
because  one  head  interferes  with  the  othei. 

The/lrive  to  the  table  is  from  a  belt  pulley  at  the  rear,  and  fifteen 
speed  changes  are  available.  Five  changes  are  obtained  by  turning  the 
pilot-wheel  A  and  this  series  of  five  speeds  is  compounded  three  times  by 
turning  lever  B.  Each  spoke  of  pilot-wheel  A  indicates  a  speed  which 
is  engaged  only  when  the  spoke  is  in  a  vertical  position,  and  the  three 
positions  for  B  are  indicated  by  slots  in  the  disk  shown.  The  number 
of  table  revolutions  per  minute  for  different  positions  of  pilot-wheel  A 
and  lever  B,  are  shown  by  figures  seen  through  whichever  slot  is  at  C. 
There  are  five  rows  of  figures  corresponding  to  the  five  spokes  of  the 
pilot-wheel  and  three  figures  in  a  row,  and  the  speed  is  shown  by  ar- 
rows on  the  sides  of  the  slots.  The  segment  disk  containing  these  fig- 
ures also  serves  as  an  interlocking  device  which  prevents  moving  more 
than  one  speed  controlling  lever  at  a  time,  in  order  to  avoid  damaging 
the  driving  mechanism. 

The  feeding  movement  for  each  head  is  independent.  Lever  D  controls 
the  engagement  or  disengagement  of  the  vertical  or  cross  feeds  for  the 
head  on  the  cross-rail.  The  feed  for  the  side-head  is  controlled  by  lever 
JS7.  When  this  lever  is  pushed  inward,  the  entire  head  feeds  vertically, 
but  when  it  is  pulled  out,  the  tool-bar  feeds  horizontally.  These  two 
feeds  can  be  disengaged  by  placing  the  lever  in  a  neutral  position.  The 
direction  of  the  feeding  movement  for  either  head  can  be  reversed  by 
lever  R.  The  amount  of  feed  is  varied  by  feed-wheel  F  and  clutch-rod  G. 
When  lever  E  is  in  the  neutral  position,  the  side-head  or  tool-bar  can  be 
adjusted  by  the  hand-cranks  H  and  J,  respectively.  The  cross-rail  head 
and  its  turret  slide  have  rapid  power  traverse  movements  for  making 
quick  adjustments.  This  rapid  traverse  is  controlled  by  the  key-handles 
J,  The  feed  screws  for  the  vertical  head  have  micrometer  dials  K  for 
making  accurate  adjustments.  There  are  also  large  dials  at  L  which 
indicate  vertical  movements  of  the  side  head  and  horizontal  movements 
of  the  tool  slide.    All  of  these  dials  have  small  adjustable  clips  c  which 
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are  numbered  to  correspond  to  numbers  on  the  faces  of  the  respective 
turrets.  These  clips  or  "observation  stops"  are  used  in  the  production 
of  duplicate  parts.  For  example:  suppose  a  tool  in  face  No.  1  for  the 
main  turret  is  set  for  a  given  diameter  and  height  of  shoulder  on  a  part 
which  is  to  be  duplicated.  To  obtain  the  same  setting  of  the  tools  for 
the  next  piece,  clips  No.  1,  on  both  the  vertical  feed  rod  and  screw  dials, 


Flcr.  10.    Bullard  Vertical  Turret  Lathe 

are  placed  opposite  the  graduations  which  are  intersected  by  stationary 
pointers  secured  to  the  cross-rail.  The  clips  are  set  in  this  way  after 
the  first  part  has  been  machined  to  the  required  size  and  before  dis- 
turbing the  final  position  of  the  tools.  For  turning  a  duplicate  part,  the 
tools  are  simply  brought  to  the  same  position  by  turning  the  feed  screws 
until  the  clips  and  stationary  pointers  again  coincide.  For  setting  tools 
on  other  faces  of  either  turret,  this  operation  is  repeated,  except  that 
clips  are  used  bearing  numbers  corresponding  to  the  turret  face  in  use. 
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The  main  turret  of  thl3  machine  has  five  holes  in  which  are  inserted 
the  necessary  boring  and  turning  tools,  drills  or  reamers,  as  may  be 
required.  By  having  all  the  tools  mounted  in  the  turret,  they  can  be 
quickly  and  accurately  moved  into  working  position.  When  the  turret 
is  indexed  from  one  face  to  the  next,  binder  lever  X  is  first  loosened. 
The  turret  then  moves  forward  away  from  its  seat,  thus  disengaging 
the  indexing  and  registering  pins  which  accurately  locate  it  in  any  one 
of  the  five  positions.  The  turret  is  revolved  by  turning  crank  If,  one 
turn  of  this  handle  moving  the  turret  1/5  revolution  or  from  one  hole 
to  the  next.  The  side-head  turret  is  turned  by  loosening  lever  0.  The 
turret  slide  can  be  locked  rigidly  in  any  position  by  lever  P  and  its  sad- 


Fig.  17.    Turning  a  G-ear  Blank  on  a  Vertical  Turret  Lathe 

die  is  clamped  to  the  cross-rail  by  lever  Q.  The  binder  levers  for  the 
saddle  and  tool-slide  of  the  side-head  are  located  at  U  and  V  respectively. 
A  slide  that  does  net  require  feeding  movements  is  locked  in  order  to 
obtain  greater  rigidity. 

The  vertical  slide  can  be  set  at  an  angle  for  taper  turning,  and  the 
turret  is  accurately  located  over  the  center  of  the  table  for  boring  or 
reaming,  by  a  positive  center  stop.  The  machine  is  provided  with  a 
brake  for  stopping  the  work  table  quickly,  which  is  operated  by  lifting 
the  shaft  of  pilot-wheel  A.  The  side-  and  cross-rails  are  a  unit  and  are 
adjusted  together  to  accommodate  work  of  different  heights.  This  ad- 
justment is  effected  by  power  on  the  particular  machine  illustrated, 
and  it  is  controlled  by  a  lever  near  the  left  end  of  the  cross-rail.  Before 
making  this  adjustment,  all  binder  bolts  which  normally  hold  the  rails 
rigidly  to  the  machine  column,  must  be  released,  and  care  should  be 
taken  to  tighten  them  after  the  adjustment  is  made. 
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Examples  of  Vertical  Turret  Lathe  Work 
In  order  to  illustrate  how  a  vertical  turret  lathe  is  used,  one  or  two 
examples  of  work  will  be  referred  to  in  detail.  These  examples  also 
indicate,  in  a  general  way,  the  class  of  work  for  which  thi3  type  of 
machine  is  adapted.  Fig.  17  shows  how  a  cast-iron  gear  blank  is  ma- 
chined. The  work  is  gripped  on  the  inside  of  the  rim  by  three  chuck 
jaws,  and  all  of  the  tools  required  for  the  various  operations  are  mounted 
in  the  main  and  side  turrets.  The  illustration  shows  the  first  operation 
which  is  that  of  rough  turning  the  hub,  the  side  of  the  blank  and  its 


FIcr.  18.    Turning  Gasoline  Bnjarlne  Flywheel  on  Vertical 
Turret  Lathe— First  Position 

periphery.  The  tools  A  for  the  hub  and  side  are  both  held  in  one  tool- 
block  on  the  main  turret,  and  tool  Ax  for  roughing  the  periphery  is  in 
the  side  turret  With  this  arrangement,  the  three  surfaces  can  be  turned 
simultaneously.  The  main  turret  is  next  indexed  one-sixth  of  a  revolu- 
tion which  brings  the  broad  finishing  tools  B  into  position,  and  the  side 
turret  is  also  turned  to  locate  finishing  tool  Bx  at  the  front.  (The  in- 
dexing of  the  main  turret  on  this  particular  machine  is  effected  by  loos- 
ening binder  lever  n  and  raising  the  turret  lock-pin  by  means  of  lever  p. ) 
The  bub,  side  and  periphery  of  the  blank  are  then  finished.  When  tools 
B  are  clamped  in  the  tool-blocks,  they  are,  of  course,  set  for  turning  the 
• 
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hub  to  the  required  height.  The  third  operation  is  performed  by  the 
tools  at  C,  one  of  which  "breaks"  or  chamfers  the  corner  of  the  cored 
hole  to  provide  a  starting  surface  for  drill  D,  and  the  other  turns  the 
outside  of  the  hub,  after  the  chamfer  tool  is  removed.  The  four-lipped 
shell-drill  D  is  next  used  to  drill  the  cored  hole  and  then  this  hole  is 
bored  close  to  the  finished  size  and  concentric  with  the  circumference  of 
the  blank  by  boring  tool  E,  which  is  followed  by  the  finishing  reamer  F. 
When  the  drill,  boring  tool  and  reamer  are  being  used,  the  turret  is  set 


4 

\ 

Flcr.  10.    Turning'  Ouollne  Bnffine  Flywheel— Second  Position 

over  the  center  or  axis  of  the  table  by  means  of  a  positive  center  stop 
on  the  left-side  of  the  turret  saddle.  If  it  is  necessary  to  move  the 
turret  beyond  the  central  position,  this  stop  can  be  swung  out  of  the 
way. 

Figs.  18  and  19  illustrate  the  jnachining  of  an  automobile  flywheel, 
which  is  another  typical  example  of  work  for  a  machine  of  this  type. 
The  flywheel  is  finished  in  two  settings.  Its  position  for  the  first  series 
of  operations  is  shown  in  Fig.  18,  and  the  successive  order  of  the  four 
operations  for  the  first  setting  is  shown  by  the  diagrams,  Fig.  20.  The 
first  operation  requires  four  tools  which  act  simultaneously.  The  three 
held  in  tool-block  A  of  the  turret,  face  the  hub,  the  web  and  the  rim  of 
the  flywheel,  while  tool  a  in  the  side-head  rough  turns  the  outside  diam- 
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eter.  The  outside  diameter  is  also  finished  by  broad-nosed  tool  b  which 
is  given  a  coarse  feed.  In  the  second  operation,  the  under  face  of  the 
rim  is  finished  by  tool  c,  the  outer  corners  are  rounded  by  tool  d  and 
the  inner  surface  of  the  rim  is  rough  turned  by  a  bent  tool  B,  which  is 
moved  into  position  by  indexing  the  main  turret.  In  the  third  opera- 
tion, the  side-head  is  moved  out  of  the  way  and  the  inside  of  the  rim 
is  finished  by  another  bent  tool  B,.  The  final  operation  at  this  setting 
is  the  boring  of  the  central  hole,  which  is  done  with  a  bar  C  having  in- 


rig.  so. 


Diagrams  showing-  How  Buoceealve  Operations  are  Performed 
by  Different  Tools  In  the  Turret 


terchangeable  cutters  which  make  it  possible  to  finish  the  hole  at  one 
setting  of  the  turret. 

The  remaining  operations  are  performed  on  the  opposite  side  of  the 
work  which  is  held  in  "soft"  jaws  /  accurately  bored  to  fit  the  finished 
outside  diameter  as  indicated  in  Fig.  19.  The  tool  in  the  main  turret 
turns  the  inside  of  the  rim  and  the  side-head  is  equipped  with  two  tools 
for  facing  the  web  and  hub  simultaneously.  As  the  tool  in  the  main 
turret  operates  on  the  left  side  of  the  rim,  it  is  set  with  the  cutting 
edge  toward  the  rear.  In  order  to  move  the  turret  to  this  position, 
which  is  beyond  the  center  of  the  table,  the  center  stop  previously 
referred  to  is  swung  out  of  the  Way.  ZoO£ 


CHAPTER  IV 

HORIZONTAL  BORING,  DRILLING  AND 
MILLING  MACHINE 

A  boring  machine  of  the  horizontal  type  is  shown  in  Fig.  21.  The 
construction  and  operation  of  this  machine  is  very  different  from  that 
of  a  vertical  boring  mill  and  it  is  also  used  for  a  different  class  of  work. 
The  horizontal  machine  is  employed  principally  for  boring,  drilling  or 
milling,  whereas  the  vertical  design  is  especially  adapted  to  turning  and 
boring.  The  horizontal  type  is  also  used  for  turning  or  facing  flanges 
or  similar  surfaces  when  such  an  operation  can  be  performed  to  ad- 
vantage in  connection  with  other  machine  work  on  the  same  part. 

The  type  of  machine  illustrated  in  Fig.  21  has  a  heavy  base  or  bed  to 
which  is  bolted  the  column  C  having  vertical  ways  on  which  the  spindle- 
head  H  Is  mounted.  This  head  contains  a  sleeve  or  quill  in  which  the 
spindle  8  slides  longitudinally.  The  spindle  carries  cutters  for  boring, 
whereas  milling  cutters  or  the  auxiliary  facing  arm,  are  bolted  to  the 
end  A  of  the  spindle  sleeve.  The  work  itself  is  attached  either  directly 
or  indirectly  to  platen  P.  When  the  machine  is  in  operation,  the  cutter 
or  tool  revolves  with  the  spindle  sleeve  or  spindle  and  either  the  cutter 
Or  the  part  being  machined  is  given  a  feeding  movement,  depending  on 
the  character  of  the  work.  The  spindle  can  be  moved  in  or  out  by  hand 
for  adjustment,  or  by  power  for  feeding  the  cutter  as  when  boring  or 
drilling.  The  entire  spindle-head  H  can  also  be  moved  vertically  on  the 
face  of  the  column  C,  by  hand,  for  setting  the  spindle  to  the  proper 
height,  or  by  power  for  feeding  a  milling  cutter  in  a  vertical  direction. 
When  the  vertical  position  of  the  spindle-head  is  changed,  the  back-rest 
block  B  also  moves  up  or  down  a  corresponding  amount,  the  two  parts 
being  connected  by  shafts  and  gearing.  Block  B  steadies  the  outer  end 
of  the  boring-bar  and  the  back-rest  in  which  this  block  is  mounted,  can 
be  shifted  along  the  bed  to  suit  the  length  of  the  work,  by  turning  the 
squared  end  ol  shaft  D  with  a  crank.  The  platen  P  has  a  cross-feed,  and 
the  saddle  E  on  which  it  is  mounted  can  be  traversed  lengthwise  on 
the  bed;  both  of  thes"e  movements  can  also  be  effected  by  hand  or  power. 
There  is  a  series  of  power  feeding  movements  for  the  cutters  and,  in 
addition,  rapid  power  movements  in  a  reverse  direction  from  the  feed 
for  returning  a  cutter  quickly  to  its  starting  position,  when  this  is 
desirable. 

This  machine  is  driven  by  a  belt  connecting  pulley  O  with  an  over- 
head shaft.  When  the  machine  is  in  operation,  this  pulley  is  engaged 
with  the  main  driving  shaft  by  a  friction  clutch  F  controlled  by  lever  L. 
This  main  shaft  drives  through  gearing  a  vertical  shaft  /,  which  by 
means  of  other  gears  in  the  spindle  head  imparts  a  rotary  movement  to 
the  spindle.  As  a  machine  of  this  type  is  used  for  boring  holes  of 
various  diameters  and  for  a  variety  of  other  work,  it  is  necessary  to 


Digitized  by 


Google 


HORIZONTAL  BORING  MACHINE 


27 


Digitized  by 


Google 


28  No.  95— MACHINE  TOOL  OPERATION 

have  a  number  of  speed  changes  for  the  spindle.  Nine  speeds  are  ob- 
tained by  changing  the  position  of  the  sliding  gears  controlled  by  levers 
R  and  this  number  is  doubled  by  back-gears  in  the  spindle-head  and  con- 
trolled by  lever  /. 

The  amount  of  feed  for  the  spindle,  spindle-head,  platen  or  saddle  is 
varied  by  two  levers  K  and  K1  which  control  the  position  of  sliding 
gears  through  whicfy;the  feeding  movements  are  transmitted.  The  direc- 
tion of  the  feed  can'be  reversed  by  shifting  lever  O.  With  this  particu- 
lar machine,  nine  feed  changes  are  available  for  each  position  of  the 
spindle  back-gears,  making  a  total  of  eighteen  changes  which  range  from 
0.004  to  0.006  inch  per  revolution  of  the  spindle.  The  feeding  movement 
is  transmitted  to  the  spindle-head,  spindle,  platen  or  saddle,  as  required, 
by  the  three  distributing  levers  T,  U  and  F,  which  control  clutches  con- 
necting with  the  transnSissloii  shafts  or  feed  screws.  When  lever  T  is 
turned  to  the  left,  the  longitudinal  power  feed  for  the  spindle  is  engaged, 
whereas  turning  it  to  the  right  throws  in  the  vertical  feed  for  the 
spindle-head.  Lever  U  engages  the  cross-feed  for  platen  P  and  lever  V, 
the  longitu&nal  teed  for  saddle  E.  These  levers  have  a  simple  but 
ingenious  interlocking  device  which  makes  it  impossible  to  engage  more 
than  one  feed  at  a  time.  For  example,  if  lever  T  is  set  for  feeding  the 
spindle,  levers  U  and  V  are  locked  against  movement. 

The  feedB  are  started  and  stopped  by  lever  M  which  also  engages  the 
rapid  power  traverse  when  thrown  in  the  opposite  direction.  This  rapid 
traverse  operates  for  whatever  feed  is  engaged  by  the  distributing  levers 
and,  as  before  stated,  in  a  reverse  direction.  For  example,  if  the  reverse 
lever  O  is  set  for  feeding  the  spindle  to  the  right,  the  rapid  traverse 
would  be  to  the  left,  and  vice  versa.  The  cross-feed  for  the  platen  can 
be  automatically  tripped  at  any  point  by  setting  an  adjustable  stop  in 
the  proper  position  and  the  feed  can  also  be  tripped  by  a  hand  lever  at 
the  side  of  the  platen. 

All  the  different  feeding  movements  can  be  effected  by  hand  as  well 
as  by  power.  By  means  of  handwheel  N,  the  spindle  can  be  moved  in  or 
out  slowly,  forv  feeding  a  cutter  by  hand.  When  the  friction  clamp  Q  is 
loosened,  the  turnstile  W  can  be  used  for  traversing  the  spindle,  in  case 
a  hand  adjustment  is  desirable.  The  spindle-head  can  be  adjusted  ver- 
tically by  turning  squared  shaft  X  with  a  crank,  and  the  saddle  can  be 
shifted  along  the  bed  by  turning  shaft  Y.  The  hand  adjustment  of  the 
platen  is  effected  by  shaft  Z.  The  spindle-head,  platen  and  saddle  can 
also  be  adjusted  from  the  end  of  the  machine,  when  this  is  more  con- 
venient. Shafts  X,  7  and  Z  are  equipped  with  micrometer  dials  which 
are  graduated  to  show  movements  of  one-thousandth  inch.  These  dials 
are  used  for  accurately  adjusting  the  spindle  or  work  and  for  boring 
holes  or  milling  surfaces  that  must  be  an  exact  distance  apart. 

Horizontal  Boring1  Machine  with  Vertical  Table  Adjustment 

Another  design  of  horizontal  boring  machine  is  illustrated  in  Fig.  22. 
This  machine  is  of  the  same  type  as  that  shown  in  Fig.  21,  but  its  con- 
struction is  quite  different,  as  will  be  seen.  The  spindle  cannot  be 
adjusted  vertically  as  with  the  first  design  described,  but  it  is  mounted 
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meshing  with  rack  R  which  traverses  the  spindle.  The  large  handwheel 
H  and  a  corresponding  wheel  on  the  opposite  side  are  used  for  adjusting 
the  spindle  rapidly  by  hand.  The  nest  of  gears  at  G  gives  the  required 
feed  changes  by  engaging  different  combinations.  The  yoke  or  outboard 
bearing  B  for  the  boring-bars  can  be  clamped  in  any  position  along  the 
bed  for  supporting  the  bar  as  close  to  the  work  as  possible. 

Horizontal  boring  machines  are  built  in  many  other  designs,  but  they 
all  have  the  same  general  arrangement  as  the  machines  illustrated  and 
operate  on  the  same  principle,  with  the  exception  of  special  types  in- 
tended for  handling  certain  classes  of  work  exclusively.  In  the  next 
chapter  some  examples  of  work  done  on  these  machines  will  be  illus- 
trated and  described. 


CHAPTER  V 

TOOLS  FOB  BORING- EXAMPLES  OF  HORIZONTAL 
BORING  MACHINE  WORK 

The  horizontal  boring,  drilling  and  milling  machine  is  very  efficient 
for  certain  classes  of  work  because  it  enables  all  the  machining  opera- 
tions on  some  parts  to  be  completed  at  one  setting.  To  illustrate,  a 
casting  which  requires  drilling,  boring  and  milling  at  different  places, 
can  often  be  finished  without  disturbing  its  position  on  the  platen  after 
it  is  clamped  in  place.  Frequently  a  comparatively  small  surface  needs 
to  be  milled  after  a  part  has  been  bored.  If  this  milling  operation  can 
be  performed  while  the  work  is  set  up  for  boring,  accurate  results  will 
be  obtained  (provided  the  machine  is  in  good  condition)  and  the  time 
saved  that  would  *  otherwise  be  required  for  re-setting  the  part  on 
another  machine.  Some  examples  of  work  on  which  different  operations 
are  performed  at  the  same  setting  will  be  referred  to  later.  The  hori- 
zontal boring  machine  also  makes  it  possible  to  machine  duplicate  parts 
without  the  use  of  jigs,  which  is  important,  especially  on  large  work, 
owing  to  the  cost  of  jigs. 

Drilling'  and  Boring— Cutters  Used  for  Boring 
Holes  are  drilled  in  a  horizontal  machine  by  simply  inserting  a  drill 
of  required  size  either  directly  in  the  spindle  (£,  Fig.  21,  and  D,  Fig.  22) 
or  in  a  reducing  socket,  and  then  feeding  the  spindle  outward  either  by 
hand  or  power.  When  a  hole  is  to  be  bored,  a  boring-bar  B,  (Fig.  21) 
is  inserted  in  the  spindle  and  the  cutter  is  attached  to  this  bar.  The 
latter  is  then  fed  through  the  hole  as  the  cutter  revolves.  The  distinc- 
tion made  by  machinists  between  drilling  and  boring  is  as  follows:  A 
hole  is  said  to  be  drilled  when  it  is  formed  by  sinking  a  drill  into  solid 
metal,  whereas  boring  means  the  enlargement  of  a  drilled  or  cored  hole. 
There*  are  various  methods  of  attaching  cutters  to  boring-bars  and  the 
cutters  used  vary  for  different  classes  of  work.    A  simple  style  of  cutter 
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which  is  used  widely  for  boring  small  holes  is  shown  at  A  in  Fig.  23. 
The  cutter  c  is  made  from  flat  stock  and  the  cutting  is  done  by  the  front 
edges  e  and  e„  which  are  beveled  in  opposite  directions.  The  cutter  is 
held  in  the  bar  by  a  taper  wedge  to  and  it  is  centered  by  shoulders  at  a. 
The  outer  corners  at  the  front  should  be  slightly  rounded,  as  a  sharp 
corner  would  be  dulled  quickly.  These  cutters  are  made  in  different 
sizes  and  also  in  sets  for  roughing  and  finishing.  The  roughing  cutter 
bores  holes  to  within  about  1/32  inch  of  the  finish  size  and  it  is  then 
replaced  by  the  finishing  cutter.     A  cutter  having  rounded  ends  as 
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shown  by  the  detail  sketch  a,  is  sometimes  used  for  light  finishing  cuts. 
These  rounded  ends  form  the  cutting  edges  and  give  a  smooth  finish. 
Another  method  of  holding  a  flat  cutter  Is  shown  at  B.  The  conical  end 
of  a  screw  bears  against  a  conical  seat  in  the  cutter,  thus  binding  the 
latter  in  its  slot.  The  conical  seat  also  centers  the  cutter.  A  very  simple 
and  inexpensive  form  of  cutter  is  shown  at  C.  This  is  made  from  a 
piece  of  round  steel,  and  it  is  held  in  the  bar  by  a  taper  pin  which  bears 
against  a  circular  recess  in  the  side  of  the  cutter.  This  form  has  the 
advantage  of  only  requiring  a  hole  through  the  boring-bar,  whereas  it  is 
necessary  to  cut  a  rectangular  slot  for  the  flat  cutter. 

Fig.  24  illustrates  how  a  hole  is  bored  by  cutters  of  the  type  referred 
to/  The  bar  rotates  as  indicated  by  the  arrow  a  and  at  the  same  time 
feeds  longitudinally  as  shown  by  arrow  b.    The  speed  of  rotation  depends 
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upon  the  diameter  of  the  hole  and  the  kind  of  material  being  bored,  and 
the  feed  per  revolution  must  also  be  varied  to  suit  conditions.  No  defi- 
nite rule  can  be  given  for  speed -or  feed.  On  some  classes  of  work  a 
long  boring-bar  is  used,  which  passes  through  the  hole  to  be  bored  and 
is  steadied  at  its  outer  end  by  the  back-rest  B,  Pigs.  21  and  22.    On 


Fig".  24.    Boring  with  a  Flat  Double-ended  Cutter 

other  work,  a  short  bar  is  Inserted  in  the  spindle  and  the  cutter  is 
attached  at  the  outer  end.  An  Inexpensive  method  of  holding  a  cutter 
at  the  end  of  a  bar  is  shown  at  D%  Fig.  23.  The  cutter  passes  through  a 
slot  and  is  clamped  by  a  bolt  as  shown.  When  it  is  necessary  to  bore 
holes  that  are  "blind"  or  closed  at  the  bottom,  a  long  boring-bar  which 
passes  through  the  work  cannot,  of  course,  be  used.     Sometimes  it  is 
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Fig-.  26.    Cutter-beads  for  Boring-  Large  Holes 

necessary  to  have  a  cutter  mounted  at  the  extreme  end  of  a  bar  in  order 
to  bore  close  to  a  shoulder  or  the  bottom  of  a  hole.  One  method  of  hold- 
ing a  cutter  so  that  it  projects  beyond  the  end  of  a  bar  is  indicated  at  E. 
A  screw  similar  to  the  one  shown  at  B  is  used,  and  the  conical  end  bears 
in  a  conical  hole  in  the  cutter.  This  hole  should  be  slightly  offset  so 
that  the  cutter  will  be  forced  back  against  its  seat.  The  tool  shown  at 
F  has  adjustable  cutters.    The  inner  end  of  each  cutter  is  tapering  and 
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bears  against  a  conical-headed  screw  h  which  gives  the  required  outward 
adjustment.  The  cutters  are  held  against  the  central  bolt  by  filister-head 
screws  /  and  they  are  clamped  by  the  screws  c.  Boring  tools  are  made 
in  many  different  designs  and  the  number  and  form  of  the  cutters  is 
varied  somewhat  for  different  kinds  of  work. 

Cutter-heads  for  Boring*  Large  Holes 
When  large  holes  are  to  be  bored,  the  cutters  are  usually  held  in  a 
cast-iron  head  which  is  mounted  on  the  boring-bar.  One  type  of  cutter- 
head  is  shown  in  Fig.  25.  This  particular  head  is  double-ended  and 
carries  two  cutters  c.  The  cutter-head  is  bored  to  fit  the  bar  closely 
and  it  is  prevented  from  turning  by  a  key  against  which  a  setscrew  is 
tightened.    By  referring  to  the  end  view,  it  will  be  seen  that  each  cutter 


Flff.  20.    Outter-head  vriQx  Pour  Boring-  Tools 

is  offset  with  relation  to  the  center  of  the  bar,  in  order  to  locate  the 
front  of  the  tool  on  a  radial  line.  The  number  of  cutters  used  in  a  cut- 
ter-head varies.  There  should  be  at  least  two,  and  three  or  four  are 
often  used.  By  having  several  cutters,  the  work  of  removing  a  given 
amount  of  metal  in  boring  is  distributed,  and  holes  can  be  bored  more 
quickly  with  a  multiple  cutter-head,  although  more  power  is  required  to 
drive  the  boring-bar.  The  boring-bar  is  also  steadied  by  a  multiple 
cutter-head,  because  the  tendency  of  any  one  cutter  to  deflect  the  bar 
is  counteracted  by  the  cutters  on  the  opposite  side. 

A  disk-shaped  head  having  four  cutters  is  illustrated  in  Fig.  26.  The 
cutters  are  inserted  in  slots  or  grooves  in  the  face  of  the  disk  and  they 
are  held  by  slotted  clamping  posts.  The  shape  of  these  posts  is  shown 
by  the  sectional  view.  The  tool  passes  through  an  elongated  slot  and 
it  is  tightly  clamped  against  the  disk  by  tightening  nut  n.  This  head 
is  also  driven  by  a  key  which  engages  a  keyway  in  the  boring-bar. 

Two  other  designs  of  cutter-heads  are  shown  in  Fig.  27.  The  one 
illustrated  at  A  has  three  equally  spaced  cutters  which  are  held  in  an 
inclined  position.    The  cutters  are  clamped  by  screws  c  and  they  can  be 
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adjusted  within  certain  limits  by  screws  a.  The  cutters  are  placed  at 
an  angle  so  that  they  will  extend  beyond  the  front  of  the  head,  thus 
permitting  the  latter  to  be  moved  up  close  to  a  shoulder.  The  cutter- 
heads  shown  in  Figs.  25  and  26  can  also  be  moved  up  close  to  a  shoulder 


FI*.  27.    Cutter-heads  equipped  with  Adjustable  Tools 

if  bent  cutters  are  used  as  shown  in  the  right-hand  view,  Fig.  25.  The 
idea  in  bending  the  cutters  is  to  bring  the  cutting  edges  in  advance  of 
the  clamping  posts  so  that  they  will  reach  a  shoulder  before  the  binding 
posts  strike  it.  The  arrangement  of  cutter  head  B  (Fig.  27)  is  clearly 
shown  by  the  illustration. 
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Fig-.  28.    Borlngr  Tools  for  Roughing1  and  Finishing  Outs 

Fig.  29  illustrates  the  use  of  a  cutter-head  for  cylinder  boring.  After 
the  cylinder  casting  is  set  on  the  platen  of  the  machine,  the  boring-bar 
with  the  cutter-head  mounted  on  it,  is  inserted  in  the  spindle.  The  bar 
B  has  a  taper  shank  and  a  driving  tang  similar  to  a  drill  shank,  which 
fits  a  taper  hole  in  the  end  of  the  spindle.  The  cutter-head  C  is  fastened 
to  the  bar  so  that  it  will  be  in  the  position  shown  when  the  spindle  is 
shifted  to  the  right,  as  the  feeding  movement  is  to  be  in  the  opposite 
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direction.  The  casting  A  should  be  set  central  with  the  bar  by  adjust- 
ing the  work-table  vertically  and  laterally,  if  necessary,  and  the  outer 
support  F  should  be  moved  close  to  the  work,  to  make  the  bar  as  rigid 
as  possible. 

The  cylinder  is  now  ready  to  be  bored.  Ordinarily,  one  roughing  and 
one  finishing  cut  would  be  sufficient,  unless  the  rough  bore  were  con- 
siderably below  the  finish  diameter.  As  previously  explained,  the  speed 
and  feed  must  be  governed  by  the  kind  of  material  being  bored  and  the 
diameter  of  the  cut.  The  power  and  rigidity  of  the  boring  machine  and 
the  quality  of  the  steel  used  for  making  the  cutters  also  effect  the  cut- 
ting speed  and  feed.    Of  course,  the  finishing  cut  is  very  light,  and  a 
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Fig.  39.    Cylinder  mounted  on  Horlaontei  Machine  for  Boring' 

tool  having  a  flat  cutting  edge  set  parallel  to  the  bar,  is  ordinarily  used 
when  boring  cast  iron.  The  coarse  feed  enables  the  cut  to  be  taken  in 
a  comparatively  short  time  and  the  broad-nosed  tool  gives  a  smooth 
finish  if  properly  ground. 

The  coarse  finishing  feed  is  not  always  practicable,  especially  if  the 
boring  machine  is  in  poor  condition,  owing  to  the  chattering  of  the  tool, 
which  results  In  a  rough  surface.  The  last  or  finishing  cut  should  in- 
variably be  a  continuous  one,  for  if  the  machine  is  stopped  before  the 
cut  is  completed,  there  will  be  a  ridge  in  the  bore  at  the  point  where  the 
tool  temporarily  left  off  cutting.  This  ridge  is  caused  by  the  cooling  and 
resulting  contraction  and  shortening  of  the  tool  during  the  time  that  it 
Is  stationary.  For  this  reason  Independent  drives  are  desirable  for 
boring  machines. 

Cutter  heads  are  often  provided  with  two  sets  of  cutters,  one  set  being 
used  for  roughing  and  the  other  for  finishing.  It  is  a  good  plan  to 
make  these  cutters  so  that  the  ends  e  (Fig.  26)  will  rest  against  the  bar 
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or  bottom  of  the  slot,  when  the  cutting  edge  is  set  to  the  required 
radius.  The  cutters  can  then  be  easily  set  for  boring  duplicate  work. 
One  method  of  making  cutters  in  sets  is  to  clamp  the  annealed  stock  in 


Fig-.  80.    Boring  a  Duplex  Cylinder  on  a  Horieontal  Machine 


Fig*.  81.    Cylinder  turned  around  for  Machining  Valve  Seats 

the  cutter-head  and  then  turn  the  ends  to  the  required  radius  by  placing 
the  head  in  the  lathe.  After  both  sets  of  cutters  have  been  turned  in 
this  way,  they  are  ground  to  shape  and  then  hardened. 

Boring  cutters  intended  for  roughing  and  finishing  cuts  are  shown  in 
the  detail  view  Fig.  28  at  A  and  B,  respectively.    The  side  of  the  rough- 


Digitized  by  V^jOOQIC 


TOOLS  FOR  BORING 


37 


ing  cutter  A  is  ground  to  a  slight  angle  c  to  provide  clearance  for  the 
outting  edge,  and  the  front  haa  a  backward  slope  s  to  give  the  tool  keen- 
ness. This  tool  Is  a  good  form  to  use  for  roughing  cuts  in  cast  iron. 
The  finishing  tool  at  B  has  a  broad  flat  edge  e  and  it  is  intended  for 
coarse  feeds  and  light  cuts  in  cast  Iron.  If  a  round  cutting  edge  is  used 
for  finishing,  a  comparatively  fine  feed  is  required  in  order  to  obtain  a 
smooth  surface.  The  corners  of  tool  B  are  rounded  and  they  should  be 
ground  to  slope  inwar£  as  shown  in  the  plan  view.  The  top  or  ends  d 
of  both  of  these  tools  are  "backed  off"  slightly  to  provide  clearance. 
This  end  clearance  should  be  just  enough  to  prevent  the  surface  back  of 
cutting  edge  from  dragging  over  the  work.    Excessive  end  clearance  not 


Wig.  as.    Boring  Differential  Gear  Oaelnr 

only  weakens  the  cuttiiig  edge,  but  tends  to  cause  chattering.  As  a  fin- 
ishing tool  cuts  on  the  upper  end  instead  of  on  the  side,  the  front  should 
slope  backward  as  shown  in  the  side  view,  rather  than  side-wise  as  with 
a  roughing  cutter.  The  angle  of  the  slope  should  be  somewhat  greater 
for  steel  than  cast  iron,  unless  the  steel  is  quite  hard. 

Miscellaneous  Examples  of  Boring,  Facing  and  Milling 
The  method  of  holding  work  on  a  horizontal  boring  machine  depends 
on  its  shape.  A  cylinder  or  other  casting  having  a  flat  base  can  be 
clamped  directly  to  the  platen,  but  pieces  of  Irregular  shape  are  usually 
held  in  special  fixtures.  Fig.  30  shows  how  the  cylinder  casting  of  a 
gasoline  engine  is  set  up  for  the  boring  operation.  The  work  W  la 
placed  in  a  fixture  F  which  is  clamped  to  the  machine  table.  One  end 
of  the  casting  rests  on  the  adjustable  screws  8  and  it  is  clamped  by 
setscrews  located  in  the  top  and  sides  of  the  fixture.  There  are  two 
cylinders  cast  integral  and  these  are  bored  by  a  short  stiff  bar  mounted 
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in  the  end  of  the  spindle  and  having  cutters  at  the  outer  end.  A  long 
bar  of  the  type  which  passes  through  the  work  and  is  supported  by  the 
out-board  bearing  B  could  not  be  used  for  this  work,  as  the  top  of  each 
cylinder  is  closed. 

When  one  cylinder  is  finished  the  other  is  set  in  line  with  the  spindle 
by  adjusting  the  work-table  laterally.  This  adjustment  is  effected  by 
screw  C,  and  the  required  center-to-center  distance  between  the  two 
cylinders  is  obtained  by  the  micrometer  dial  M  on  the  cross-feed  screw. 
After  the  first  cylinder  is  bored,  the  dial  is  set  to  the  zero  position  by 
loosening  the  small  knurled  screw  shown,  and  turning  the  dial  around. 


Fig-.  33.    Facing  and  Turning  Flange  of  Differential  Gear  Casing; 

The  feed  screw  is  then  rotated  until  the  dial  shows  that  the  required 
lateral  adjustment  is  made,  which  locates  the  casting  for  boring  the 
second  cylinder.  The  end  of  the  casting  is  also  faced  true  by  a  milling 
cutter.  Ordinarily,  milling  cutters  are  bolted  directly  to  the  spindle 
sleeve  A  on  this  particular  machine,  which  gives  a  rigid  support  for  the 
cutter  and  a  powerful  drive. 

The  next  operation  is  that  of  boring  and  milling  the  opposite  end  of 
the  cylinder.  This  end  Is  turned  toward  the  spindle  (as  shown  in  Fig. 
31)  without  unclamping  the  work  or  fixture,  by  simply  turning  the 
circular  table  T  half  way  around.  This  table  is  an  attachment  which 
is  clamped  to  the  main  table  for  holding  work  that  must  be  turned  to 
different  positions  for  machining  the  various  parts.  Its  position  is 
easily  changed,  and  as  the  work  remains  fixed  with  relation  to  the 
table,  the  alignment  between  different  holes  or  surfaces  is  assured,  If 
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the  table  is  turned  the  right  amount.  In  this  case,  the  casting  needs  to 
be  rotated  one-half  a  revolution  or  180  degrees,  and  this  is  done  by 
means  of  angular  graduations  on  the  base  of  the  table.  The  illustration 
shows  the  casting  set  for  boring  the  inlet  and  exhaust  valve  chambers. 
The  different  cutters  required  for  boring  are  mounted  on  one  bar  as 
shown,  and  the  work  is  adjusted  cross-wise  to  bring  each  valve  cham- 
ber in  position,  by  using  the  micrometer  dial.  The  single-ended  cutter 
c  forms  a  shallow  circular  recess  or  seat  in  the  raised  pad  which  sur- 
rounds the  opening.  The  cover  joint  directly  back  of  the  cylinders  is 
finished  by  milling. 

Another  example  of  boring,  in  which  the  circular  table  is  used,  is 
shown  in  Fig.  32.    The  work  W  is  a  casing  for  the  differential  gears  of 


Fifr.  84.    Example  of  Work  requiring:  Boring:  and  Milling 

an  automobile.  It  is  mounted  in  fixture  F  which  is  bolted  to  the  table. 
The  casting  has  round  ends,  which  are  clamped  in  V-blocks,  thus  align- 
ing the  work.  This  fixture  has  a  guide-bushing  G  which  is  centered 
with  the  bar  and  cutter  in  order  to  properly  locate  the  casting.  There 
is  a  bearing  at  each  end  of  the  casing,  and  two  larger  ones  in  the  center. 
These  are  bored  by  flat  cutters  similar  to  the  style  illustrated  at  A  in 
Fig.  23.  The  cutter  for  the  inner  bearings  is  shown  at  c.  After  the 
bearings  are  bored,  the  circular  table  is  turned  90  degrees  and  the  work 
is  moved  closer  to  the  spindle  (as  shown  in  Fig.  33)  for  facing  flange 
F  at  right  angles  to  the  bearings.  Circular  flanges  of  this  kind  are 
faced  in  a  horizontal  boring  machine  by  a  special  facing-  arm  or  head 
H.  For  this  particular  job  this  head  is  clamped  directly  to  the  spindle 
sleeve,  but  it  can  also  be  clamped  to  the  spindle  if  necessary.  The  turn- 
ing tool  is  held  in  a  slotted  tool-post,  and  it  is  fed  radially  for  turning 
the  side  or  face  of  the  flange,  by  the  well-known  star  feed  at  8.    When 
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this  feed  is  in  operation  the  bent  finger  E  is  turned  downward  bo  that 
it  strikes  one  of  the  star  wheel  arms  for  each  revolution;  this  turns  the 
wheel  slightly,  and  the  movement  is  transmitted  to  the  tool-block  by  a 
feed  screw.  The  illustration  shows  the  tool  set  for  turning  the  outside 
or  periphery  of  the  flange.  This  is  done  by  setting  the  tool  to  the 
proper  radius  and  then  feeding  the  work  horizontally  by  shifting  the 
work-table  along  the  bed.  By  referring  to  Fig.  32  it  will  be  seen  that 
the  facing  head  does  not  need  to  be  removed  for  boring,  as  it  is  attached 
to  the  spindle  driving  quill  and  does  not  interfere  with  the  longitudinal 
adjustment  of  the  spindle.  This  facing  head  is  also  used  frequently  for 
truing  the  flanges  of  cylinders  which  are  to  be  bored,  and  for  similar 
work. 

Fig.  34  shows  another  example  of  work  which  requires  boring  and 
milling.    This  casting  is  mounted  on  a  fixture  which  Is  bolted  to  the 


Tig.  80.  Cylinder  Lining  Mounted  in  Fixture  for  Boring- 
main  table.  In  this  case  the  circular  table  is  not  necessary,  because  the 
work  can  be  finished  without  swiveling  it  around.  After  the  boring 
is  completed  the  edge  E  is  trued  by  the  large-face  milling  cutter  M 
bolted  to  the  spindle  sleeve.  The  irregular  outline  of  the  edge  is  fol- 
lowed by  moving  the  table  crosswise  and  the  spindle  vertically,  as 
required. 

A  method  of  holding  a  lining  or  bushing  while  it  is  being  bored  is 
shown  in  Fig.  35.  The  lining  L  is  mounted  in  two  cast-iron  fixtures  F. 
These  fixtures  are  circular  in  shape  and  have  flat  bases  which  are  bolted 
to  the  table  of  the  machine.  On  the  inside  of  each  fixture,  there  are 
four  equally  spaced  wedges  W  which  fit  in  grooves  as  shown  in  the  end 
view.  These  wedges  are  drawn  in  against  the  work  by  bolts,  and  tbey 
prevent  the  lining  from  rotating  when  a  cut  is  being  taken.  This  form 
of  fixture  is  especially  adapted  for  holding  thin  bronze  linings,  such  as 
are  used  in  pump  cylinders,  because  only  a  light  pressure  against  the 
wedges  is  required,  and  thin  work  can  be  held  without  distorting  it 
If  a  very  thin  lining  is  being  bored,  it  is  well  to  loosen  the  wedges 
slightly  before  taking  the  finishing  cut,  so  that  the  work  can  spring 
back  to  its  normal  shape. 
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CHAPTER  I 


PLAIN  TYPE  OP  MILLING  MACHINE 

Milling  machines  are  used  for  a  great  variety  of  operations,  and 
many  types  have  been  designed  for  milling  certain  classes  of  work 
to  the  best  advantage.  The  milling  machine  was  originally  developed 
in  armories  for  manufacturing  the  small  Irregular-shaped  parts  used 
in  the  construction  of  fire-arms,  and  the  milling  process  is  still  em- 
ployed very  extensively  in  the  production  of  similar  work,  especially 
when  intricate  profiles  are  required  and  the  parts  must  be  inter-  - 
changeable.  Milling  machines  are  also  widely  used  at  the  present  time 
for  milling  many  large  castings  or  forgings,  which  were  formerly 
finished  exclusively  by  planing;  in  fact,  it  is  sometimes  difficult  to 
determine  whether  certain  parts  should  be  planed  or  milled  in  order 
to  secure  the  best  results. 

The  operation  of  milling  is  performed  by  one  or  more  circular 
cutters,  having  a  number  of  teeth  or  cutting  edges  which  successively 
mill  away  the  metal  as  the  cutter  rotates.  These  cutting  edges  may 
be  straight  and  parallel  to  the  axis  of  the  cutter  for  milling  flat 
surfaces,  or  they  may  be  inclined  to  it  for  forming  an  angular-shaped 
groove  or  surface,  or  they  may  have  an  Irregular  outline  correspond- 
ing to  the  shape  or  profile  of  the  parts  which  are  to  be  milled  by 
them.  An  end  view  of  a  cylindrical  or  "plain"  cutter  is  shown  in 
Fig.  1,  which  illustrates,  diagrammatically,  one  method  of  producing 
a  flat  surface  by  milling.  The  cutter  C  rotates,  as  shown  by  the 
arrow,  but  remains  in  one  position,  while  the  work  W,  which  is 
adjusted  vertically  to  give  the  required  depth  of  cut,  slowly  feeds 
to  the  left  in  a  horizontal  direction.  Each  tooth  on  the  periphery 
of  the  cutter  removes  a  chip  every  revolution,  and,  as  the  work 
moves  along,  a  flat  surface  is  formed. 

The  function  of  the  milling  machine  is  to  rotate  the  cutter  and, 
at  the  same  time,  automatically  feed  the  work  in  the  required  direc- 
tion. As  it  is  necessary  to  vary  the  feeding  movement  and  the 
speed  of  the  cutter,  in  accordance  with  the  material  being  milled 
and  the  depth  of  the  cut,  the  milling  machine  must  be  equipped 
with  feed-  and  speed-changing  mechanisms  and  other  features  to 
facilitate  its  operation.  As  the  variety  of  work  that  is  done  by  mill- 
ing is  almost  endless,  milling  machines  differ  widely  as  to  their 
form,  size,  and  general  arrangement.  Some  are  designed  for  doing 
a  great  variety  of  work,  whereas  others  are  intended  for  performing, 
as  efficiently  as  possible,  a  comparatively  small  number  of  operations. 
Some  machines  are  arranged  for  rotating  the  cutter  horizontally, 
whereas  with  other  types,  the  cutter  rotates  about  a  vertical  axis. 
In  this  treatise,  no  attempt  will  be  made  to  describe  all  the  different 
types  of  milling  machines,  but  rather  to  refer  briefly  to  the  more 
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common  designs,  and  then  to  illustrate  their  application  and  the  prin- 
ciples of  milling  by  showing  typical  examples  of  common  milling 
operations. 

Plain  Milling  Machine  of  the  Column-and-Knee  Type 

A  type  of  milling  machine  that  is  widely  used,  especially  for  milling 
large  numbers  of  duplicate  parts,  is  shown  in  Fig.  2.  This  is  known 
as  a  plain,  horizontal  milling  machine  of  the  column-and-knee  type. 
The  principal  parts  are  the  column  C  and  knee  K,  the  work  table  T, 
the  main  spindle  8  which  drives  the  cutter,  and  the  speed-  and  feed- 
changing  mechanisms  encased  at  A  and  B,  respectively.  The  spindle 
receives  its  motion  from  belt-pulley  P  at  the  rear.  This  pulley  is 
connected  to  the  driving  shaft  by  a  friction  clutch  operated  by 
lever  M  which  is  used  for  starting  and  stopping  the  machine.  When 
the  friction  clutch  is  engaged,  power  is  transmitted  to  the  main  spindle 


Fig.  1.    End  View  of  Cylindrical  Cutter  Milling  Flat  Surface 

8  through  gearing,  and,  by  varying  the  combination  of  this  gearing, 
the  required  speed  changes  ar*  obtained.  Knee  K  is  free  to  slide 
vertically  on  the  front  face  of  the  column,  and  it  carries  saddle  Z 
and  the  table  T.  The  saddle  has  an  in-and-out  or  cross  movement  on 
the  knee,  and  the  table  can  be  traversed  at  right-angles  to  the  axis 
of  the  spindle.  Either  of  these  three  movements,  that  is,  the  longi- 
tudinal, cross,  and  vertical  movements,  can  be  effected  by  hand  or 
power.  The  hand  movements  are  used  principally  for  adjusting  the 
table  and  work  to  the  required  position  when  starting  a  cut,  whereas 
the  automatic  power  feed  is  employed  when  milling.  The  hand- 
crank  D  is  used  for  raising  or  lowering  the  knee  with  its  attached 
parts,  handwheel  E  is  for  the  cross  feed  of  the  saddle  and  table,  and 
handle  F  is  for  the  longitudinal  adjustment  of  the  table.  The  table 
can  also  be  traversed  rapidly  by  the  large  handwheel  N  at  the  front 
of  the  machine. 

The  work  to  be  milled  is  held  either  in  a  vise  Y,  or  it  is  attached 
to  the  table  by  other  means.  When  duplicate  parts  are  to  be  milled 
in  quantity,  they  are  usually  held  in  a  special  fixture  bolted  to  the 
table  in  place  of  the  vise.  Some  pieces  are  also  clamped  directly  to 
the   table.    The    milling   cutter    is    ordinarily   mounted    on   an   arbor 
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which  is  driven  by  spindle  8  and  is  rigidly  supported  by  the  bearing 
/  and  arbor-brace  /  which  is  attached  to  a  clamp  on  the  knee.  Many 
machines  do  not  have  the  extra  bearing  /,  but  this  is  desirable  for 
many  classes  of  work,  as  it  can  be  adjusted  along  the  overhanging 
arm  and  provides  a  support  for  the  arbor  close  to  the  cutter. 

The  speed  of  the  spindle  is  varied  by  changing  the  positions  of  the 
levers  Lt  Llt  and  the  handwheel  W.  Each  lever  has  two  positions, 
making  four  in  all,  which  are  marked  with  the  letters  A,  B,  C  and  D, 
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Flff.  2.    Cincinnati  Plain  Milling  Machine 

and  the  positions  for  the  handwheel  are  numbered  1,  2,  3,  and  4.  An 
index-plate  or  table  attached  to  the  casing  shows  Just  what  the  speed 
will  be  for  any  position  of  the  levers.  For  example,  to  obtain  115  revo- 
lutions per  minute,  the  positions  given  on  the  index-plate  under  115  are 
3— -BC,  which  means  that  the  handwheel  is  set  to  position  3,  one  lever 
is  engaged  with  hole  B  and  the  other  with  hole  C.  This  particular  ma- 
chine has  a  total  of  sixteen  speed  changes.  If  there  is  any  interfer- 
ence between  the  gears  when  changing  the  speeds,  they  can  readily 
be  engaged  by  pressing  foot-lever  0,  which  operates  an  auxiliary  disk 
clutch  and  revolves  the  gears  slightly. 
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The  power-feed  mechanism  at  B  transmits  its  movement  to  the  front 
of  the  machine  by  shaft  U  equipped  with  universal  joints  and  a  tele- 
scopic connection  to  permit  raising  or  lowering  the  knee  on  the 
column.  Shaft  U  drives  gearing  in  the  feed-tripping  and  reversing 
box  Q,  and  from  this  point  the  power* is  transmitted  to  the  knee, 
saddle  or  table,  as  may  be  required.  The  table  feed  is  engaged  or 
disengaged  by  lever  Y  and  it  is  controlled  by  another  lever  located 
at  Q,  but  not  seen  in.  the  illustration.  The  direction  in  which  lever 
Q  is  inclined  from  the  vertical,  determines  the  direction  of  the  table 
feed.  For  instance,  if  it  is  shifted  to  the  right  the  table  will  travel 
toward  the  right,  and  vice  versa.  This  lever  Q  also  controls  any 
feed  that  happens  to  be  engaged,  as  well  as  the  table  feed.  Lever  X 
engages  either  the  vertical  or  cross  feeds,  and  all  of  the  feeding 
movements  can  be  controlled  by  lever  R  by  means  of  which  they  are 
reversed. 

The  rate  or  amount  of  feed  per  revolution  of  the  cutter  can  be 
varied  by  the  levers  and  handwheel  on  case  B.  There  are  16  changes, 
and  an  index-plate  shows  what  the  rate  of  feed  is  for  any  position 
of  the  levers.  The  longitudinal,  cross  or  vertical  feeding  movements 
can  be  automatically  stopped  at  any  predetermined  point  by  the  trip- 
plungers  Z,  c,  and  t?,  respectively.  These  plungers  are  operated  by 
dogs  which  can  be  adjusted  so  that  the  automatic  trip  will  operate 
after  the  cut  is  completed.  The  dogs  H  and  Hlf  for  the  table  feed, 
are  clamped  to  the  front  of  the  table  as  shown.  One  of  these  dogs 
trips  the  feed  by  lifting  the  plunger  and  the  other  by  depressing 
it.  A  movement  of  the  plunger  in  either  direction  disengages  a 
clutch  at  G  and  places  it  in  a  neutral  position.  This  is  the  same 
clutch  that  Is  operated  by  feed-reverse  lever  R.  The  automatic  trip 
mechanism  is  a  very  convenient  feature,  as  it  prevents  feeding  too 
far,  and  makes  the  machine  more  independent  of  the  operator. 

The  principal  features  of  a  plain  milling  machine,  so  far- as  the 
operation  of  the  machine  is  concerned,  have  now  been  described,  but 
it  should  be  remembered  that  while  plain  machines  of  other  makes 
have  the  speed-  and  feed-changing  mechanisms,  the  automatic  trips, 
etc.,  the  arrangement  of  these  parts  varies  in  different  designs. 
When  the  construction  of  one  machine  is  thoroughly  understood, 
however,  the  changes  in  other  designs  in  the  location  of  the  speed- 
and  feed-control  levers,  and  the  functions  of  the  different  parts,  can 
readily  be  understood. 
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CHAPTER  II 


ADJUSTING  AND  OPERATING  A  MILLING  MACHINE 

Before  a  milling  machine  can  be  used,  it  is  necessary,  of  course, 
to  arrange  it  for  doing  the  work  in  hand,  which  includes  mounting 
the  cutter  in  position,  and  adjusting  the  driving  and  feed  mechanisms 
for  giving  the  proper  speed  to  the  cutter  and  feed  to  the  work.  The 
part  to  be  milled  must  also  be  securely  attached  to  the  machine,  so 
that  it  can  be  fed  against  the  revolving  cutter  by  moving  the  table 
in  whatever  direction  may  be  required.    The  way  a  milling  machine 


Flff.  8.    Milling  a  Small  Rectangular  Block 

is  arranged,  and  the  kind  of  cutter  used,  depends  on  the  nature  of 
the  milling  operation.  The  character  of  the  work,  and  other  consid- 
erations which  will  be  referred  to  later,  also  affect  the  speed  and 
feed,  as  well  as  the  method  of  clamping  the  work  to  the  table;  hence, 
judgment  and  experience  are  needed  to  properly  decide  the  questions 
that  arise  in  connection  with  milling  practice,  and  no  definite  rules 
or  methods  of  procedure  can  be  given.  We  shall  explain,  however, 
in  a  general  way,  how  milling  machines  are  arranged  and  used 
under  varying  conditions,  by  giving  illustrated  descriptions  covering 
typical  examples  of  work  representing  the  various  classes  that  are 
machined  by  the  milling  process. 

A  very  simple  example  of  milling  is  shown   in  Fig.  3,  the  opera- 
tion being  that  of  milling  a  flat  surface  on  top  of  a  steel  block  W. 
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Before  referring  to  this  work,  it  might  be  well  to  explain  that  the 
spindle  of  the  machine  shown  in  this  illustration,  is  driven  by  a 
stepped  or  cone  pulley  P,  instead  of  by  a  single,  constant-speed  pulley 
as  in  Fig.  2.  Speed  changes  are  obtained  by  shifting  the  driving  belt 
to  different  steps  of  the  cone,  and  the  number  of  changes  secured 
in  this  way  can  be  doubled  by  the  engagement  of  back-gears  located 
at  the  side  of  the  cone,  the  arrangement  being  the  same  as  the  back- 
gearing  on  an  engine  lathe. 

Method  of  Holding  and  Driving  the  Cutter 

The  first  thing  to  be  done  in  connection  with  milling  block  W,  is 
to  select  the  cutter.  As  a  flat  surface  is  to  be  milled,  a  plain  cylin- 
drical cutter  C  would  be  used  (in  a  machine  of  this  type),  having 
a  width  somewhat  greater  than  the  surface  to  be  milled.    This  cutter 


Flff.  4.    Gutter  Arbors 

is  mounted  on  an  arbor  D  which  is  rotated  by  the  spindle  and  is 
supported  at  its  outer  end  by  arm  B.  This  is  the  usual  method  of 
mounting  and  driving  the  cutter,  when  a  horizontal  milling  machine 
of  the  column-and-knee  type  is  used,  although  some  cutters  or  mills 
are  made  with  a  taper  shank  which  is  inserted  directly  in  the  spindle 
8.  When  an  arbor  is  placed  in  the  machine,  its  outer  end,  in  some 
instances,  is  supported  by  a  center  (similar  to  a  lathe  center),  which 
is  inserted  in  the  centered  end  of  the  arbor  as  shown  at  A  in  Pig.  4. 
Another  method  of  supporting  the  arbor,  which  is  very  common,  is 
shown  at  B.  In  this  case,  the  arbor  passes  through  a  bearing  in  the 
arm.  The  particular  machine  shown  in  Fig.  3  has  an  arm  contain- 
ing a  center  and  also  a  bearing,  so  that  the  arbor  can  be  supported 
in  whichever  way  is  most  convenient.  The  inner  end  of  the  arbor 
has  a  taper  shank  which  fits  the  spindle  hole,  and  it  is  usually 
locked  with  the  spindle,  either  by  a  flat  tang  at  the  end  or  by  a 
draw-in  bolt  which  passes  through  the  spindle  and  holds  the  arbor 
tightly  in  the  taper  hole.  An  arbor  having  a  tang  t  is  shown  at 
A,  Fig.  4,  and  the  style  having  a  draw-in  bolt  d  is  illustrated  at  B. 
The  latter  form  also  has  a  collar  g  with  flattened  sides  which  engage 
a  slot  cut  in  the  end  of  the  spindle,  thus  giving  a  strong,  positive 
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drive.    This  particular  style  of  arbor   is  removed  by  forcing  nut  e 
against  the  end  of  the  spindle. 

The  cutter  c  is  clamped  between  cylindrical  bushings  w  which  are 
placed  on  the  arbor  and  tightened  by  nut  n.  These  bushings  are  of 
different  lengths,  so  that  the  lateral  position  of  the  cutter  can  be 
varied.  Many  small  cutters  are  driven  simply  by  friction,  but  medium 
and  large  sizes,  especially  when  used  for  taking  deep  roughing  cuts, 
are  mounted  on  splined  arbors,  and  keys  are  used  to  give  a  positive 
drive  and  prevent  the  cutter  from  slipping.    The  cutter  should  always 
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Vlg.  6.    Milling  Machine  Vises 

be  placed  as  near  the  spindle  as  circumstances  will  permit,  in  order 
to  give  a  strong  drive  and  reduce  the  torsional  strain  on  the  arbor. 

Holding  Work  on  the  Milling  Machine 

The  next  thing  to  consider  is  the  method  of  holding  or  fastening 
the  part  while  it  is  being  milled.  In  this  case,  the  block  is  clamped 
between  the  jaws  of  a  vise  V  (see  Fig.  3),  which,  in  turn,  is  bolted 
to  the  table  of  the  machine.  Vises  are  frequently  used  for  holding 
small  pieces,  but  are  not  suitable  for  many  classes  of  work.  The 
proper  method  of  clamping,  in  any  case,  is  governed  by  the  size  of 
the  work,  its  shape,  and  the  nature  of  the  milling  operation.  The 
number  o£.  duplicate  parts  required  should  also  be  taken  into  con- 
sideration. Some  pieces  are  clamped  directly  to  the  machine  table 
which  has  T-slots  for  receiving  the  clamping  bolts.  It  is  necessary, 
of  course,  that  the  work  be  held  securely  enough  to  prevent  its 
shifting  when  a  cut  is  being  taken,  and  it  is  equally  important  that 
it  should  be  supported  so  as  to  overcome  any  springing  action  due 
either  to  its  own  weight  or  to  the  pressure  of  the  cut  Some  parts 
are  also  sprung  out  of  shape  by  applying  the  clamps  improperly  or 
by  omitting  to  place  supports  under  some  weak  or  flexible  section; 
as  a  result,  the  milled  surface  is  not  true  after  the  clamps  are 
removed  and  the  casting  springs  back  to  its  natural  shape.  Generally 
speaking,  work  should  be  clamped  more  securely  for  milling  than  for 
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planing,  because  the  pressure  of  the  cut,  when  milling,  is  usually 
greater  than  when  planing,  although  this  depends  altogether  upon  the 
depth  of  the  cut  and  the  size  of  the  cutter. 

Three  types  of  milling  machine  vises  which  are  commonly  used, 
are  shown  in  Fig.  5.  The  one  illustrated  at  A  is  called  a  plain  vise. 
It  is  held  to  the  table  by  a  screw  which  passes  through  the  vise 
bed  and  threads  into  a  nut  inserted  into  one  of  the  table  T-slots. 
This  same  style  is  also  made  with  flanges  so  that  it  can  be  secured 
by  ordinary  clamps.  The  vise  shown  at  B  has  a  swiveling  base 
and  it  can  be  adjusted  to  any  angle  in  a  horizontal  plane,  the  posi- 
sition  being  shown  by  graduations.  This  adjustment  is  used  for  angu- 
lar milling.  The  vise  shown  at  C  is  known  as  the  universal  type.  It 
can  be  swiveled  in  a  horizontal  plane  and  can  be  set  at  any  angle 
up  to  90  .degrees  in  a  vertical  plane,  the  position,   in  either   case, 


Flf.  e.    (A)  Work  feeding  against  Rotation  of  Gutter.    (B)  Work  feeding: 
•with.  Rotation  of  Cutter 

being  shown  by  graduations.  The  hinged  knee  which  gives  the  ver- 
tical adjustment,  can  be  clamped  rigidly  by  the  nut  on  the  end  of 
the  bolt  forming  the  hinge,  and  by  bracing  levers  at  the  left  which 
are  fastened  by  the  bolts  shown.  This  style  of  vise  is  used  prin- 
cipally by  die-  and  tool-makers,  and,  owing  to  its  universal  adjust- 
ment, can  often  be  utilized  in  place  of  a  jig  or  fixture.  When  large 
quantities  of  duplicate  pieces  are  to  be  milled,  they  are  usually  held 
in  special  fixtures  which  are  so  designed  that  the  work  can  quickly 
be  clamped  in  position  for  milling.  The  arrangement  or  form  of  a 
fixture  depends,  of  course,  on  the  shape  of  the  part  for  which  it  is 
intended  and  the  nature  of  the  milling  operation.  A  number  of 
different  fixtures  will  be  shown  in  connection  with  the  examples  of 
milling  given  in  succeeding  chapters. 

Direction  of  Feeding  Movement  and  Relative  Rotation  of  Cutter 
After  the  cutter  is  mounted  on  the  arbor  and  the  part  is  clamped 
to  the  table,  we  are  ready  to  begin  milling.  Before  starting  a  cut, 
the  table  is  shifted  lengthwise  and  crosswise,  if  necessary,  until  the 
cutter  is  at  one  end  of  the  work.  The  knee  K,  (Fig.  2)  with  the 
table,  is  then  raised  sufficiently  to  give  the  required  depth  of  cut, 
and   the  trip-dog  at  the  front  of  the  table  is  set  to   disengage  the 
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power  feed  after  the  cut  is  completed.  The  longitudinal  power  feed 
for  the  table  is  then  engaged,  and  the  part  W  feeds  beneath  the  re- 
volving cutter  C,  which  mills  a  flat  surface. 

By  referring  to  Fig.  6,  it  will  be  seen  that  the  direction  of  the 
deeding  movement  might  be  either  to  the  right  or  left,  as  indicated 
at  A  and  B.  When  the  cutter  rotates  as  shown  at  A,  the  part  being 
milled  feeds  against  the  direction  of  rotation,  whereas  at  B,  the  move- 
ment is  with  the  cutter  rotation.  In  the  first  case,  the  cutter  tends 
to  push  the  work  away,  but  when  the  relative  movements  are  as  at 
B,  the  cutter  tends  to  draw  the  part  forward,  and  if  there  is  any 
backlash  or  lost  motion  between  the  table  feed-screw  and  nut,  this 
actually  occurs  when  starting  a  cut;  consequently,  the  cutter  teeth 
which  happen  to  be  in  engagement,  take  deeper  cuts  than  they  should, 
which  may  result  in  breaking  the  cutter  or  damaging  the  work. 
Therefore,  the  work  should  ordinarily  feed  againsv  the  rotation  of 
the  cutter.  When  milling  castings  which  have  a  hard  sandy  scale, 
the  cutting  edges  of  the  teeth  will  also  remain  sharp  for  a  longer 
period  when  feeding  against  the  rotation,  as  at  A.  This  is  because 
the  teeth  move  up  through  the  metal  and  pry  off  the  scale  from 
beneath,  whereas  at  B,  the  sharp  edges  e  strike  the  hard  scale  each 
revolution,  which  dulls  them  in  a  comparatively  short  time.  Occa- 
sionally, a  part  can  be  milled  to  better  advantage  by  feeding  it  with 
the  cutter.  This  is  especially  true  when  the  work  is  frail  and  cannot 
be  held  very  securely,  because  a  cutter  rotating  as  at  B  tends  to 
keep  the  work  down,  whereas  the  upward  movement  at  A  tends  to 
lift  it.  When  the  work  moves  with  the  cutter,  the  table  gib-screws 
should  be  set  up  tighter  than  usual  to  prevent  a  free  movement  of 
the  table,  because  this  would  allow  the  cutter  teeth  to  "dig  in"  at 
the  beginning  of  the  cut.  Some  machines  are  designed  to  prevent 
this,  and  counterweights  are  sometimes  used  to  hold  the  table  back. 

It  should  be  mentioned  that  a  cutter  does  not  always  rotate  in  the 
direction  shown  at  A  and  B.  If  it  were  turned  end  for  end  on  the 
arbor,  thus  reversing  the  position  of  the  teeth,  the  rotation  would 
have  to  be  in  a  clockwise  direction,  and  the  feeding  movement  to 
the  right.  A  cutter  which  rotates  to  the  right  (clockwise),  as  viewed 
from  the  spindle  side,  is  said  to  be  right-hand,  and,  inversely,  a  left- 
hand  cutter  is  one  that  turns  to  the  left  (counter-clockwise)  when 
milling. 

The  Gutting  Speed  and  Feed 

The  proper  speed  for  the  cutter,  and  the  feeding  movement  of  the 
work  for  each  revolution  of  the  cutter,  are  governed  by  so  many 
different  thingB  that  no  definite  rule  can  be  given  to  determine  just 
what  the  speed  and  feed  should  be  unless  the  conditions  are  known. 
The  speed  of  the  cutter  depends  partly  on  the  kind  of  material  being 
milled.  Tool  steel  cannot  be  cut  as  fast  as  soft  machine  steel  or 
cast  iron,  and  brass  can  be  milled  at  much  higher  speed.  The  con- 
dition of  the  cutter  also  affects  the  speed,  it  being  possible  to  operate 
a  sharp  cutter  faster  than  a  dull  one,  because  the  dull  edges  generate 
an  excessive  amount  of  heat.    When  milling  steel  or  wrought  iron, 
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the  application  of  a  lubricant  to  the  cutter  enables  higher  speeds 
to  be  used.  Lard  oil  or  any  animal  or  fish  oil  is  used  as  a  lubricant, 
and  some  manufacturers  mix  mineral  oil  with  lard  or  fish  oil.  The 
lubricant  is  usually  applied  to  the  cutter  through  a  pipe  or  spout 
which  can  be  adjusted  to  the  proper  position.  Some  machines  have 
a  special  pump  for  supplying  the  lubricant,  and  others  are  equipped 
with  a  can  from  which  the  lubricant  flows  to  the  cutter  by  gravity. 
Cast  iron  and  brass  are  milled  dry. 

A  general  idea  of  the  speeds  that  are  feasible  when  using  carbon 
steel  cutters  may  be  obtained  from  the  following  figures  which  repre- 


Fiff.  7.    Milling  Cast-Iron  Bearing  Caps 

sent  the  velocity  (in  feet  per  minute)  at  the  circumference  of  the 
cutter.  For  taking  roughing  cuts:  for  cast  iron,  40  feet  per  minute; 
for  machine  steel,  60  feet  per  minute;  for  tool  steel,  25  feet  per 
minute;  and  for  brass,  75  feet  per  minute.  Finishing  cuts  are  to  be 
taken  at  speeds  varying  from  50  to  55  feet  for  cast  ircn;  75  to  80 
feet  for  machine  steel;  30  to  35  feet  for  tool  steel;  and  95  to  100 
feet  for  brass.  These  figures  are  not  given  as  representing  the  maxi- 
mum speeds  that  can  be  used  successfully,  even  with  ordinary  carbon 
cutters,  and  with  high-speed  steel  cutters  they  can  be  doubled,  owing 
to  the  superior  cutting  qualities  of  high-speed  steel. 

The  distance  that  the  work  feeds  per  revolution  of  the  cutter  must 
also  be  varied  to  suit  conditions.  When  milling  cutters  were  first 
made,  they  had  fine,  closely-spaced  teeth  between  which  the  chips 
clogged,  thus  preventing  any  cutting  action  except  with  fine  feeds. 
Modern  cutters,  however,  have  much  coarser  teeth  and,  consequently,. 
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deeper  cuts  and  heavier  feeds  can  be  used.  Aside  from  the  question 
of  cutter  design,  the  feed  is  affected  by  the  depth  of  the  cut,  the 
kind  of  material  being  milled,  the  quality  of  the  finish  required,  and 
the  rigidity  of  the  work.  As  a  general  rule,  a  relatively  low  cutting 
speed  and  a  heavy  feed  is  used  for  roughing,  whereas  for  finishing, 
the  speed  is  increased  and  the  feed  diminished.  Tfee  data  given  in 
connection  with  some  of  the  examples  of  milling  referred  to  in  this 
treatise,  will  show,  in  a  general  way,  what  speeds  and  feeds  are  prac- 
ticable when  using  a  well-built  machine  and  modern  cutters. 

Milling  Cast-iron  Bearing  Caps 

Another  example  of  milling  which  is  similar  in  principle  to  the 
one  illustrated  in  Fig  3,  is  shown  in  Fig.  7.  The  operation  is  that 
of  milling  flat  surfaces  on  the  edges  of  cast-iron  bearing  caps  B.  Two 
of  these  caps  are  placed  in  line  and  milled  by  one  passage  of  the 
cutter.  They  are  mounted  on  parallel  strips  placed  under  the  bolt 
lugs  on  the  side  and  are  held  by  ordinary  clamps  as  shown.  The 
cutter  used  is  cylindrical  in  form  and  has  helical  or  "spiral"  teeth 
which  are  nicked  at  intervals  along  the  cutting  edges  in  order  to 
break  up  the  chips  and  reduce  the  power  required  for  driving.  The 
proper  depth  of  cut  is  obtained  by  adjusting  the  knee  vertically,  and 
then  the  edges  are  milled  by  traversing  the  castings  beneath  the 
revolving  cutter.  By  clamping  two  of  the  castings  in  line  and  milling 
them  together,  they  are  finished,  of  course,  more  quickly  than  if  one 
were  machined  at  a  time.  The  following  -figures  will  give  a  general 
idea  of  the  feeds  and  speeds  used  for  this  particular  operation.  The 
cutter  is  3  inches  in  diameter  and  rotates  53  revolutions  per  minute. 
The  average  depth  of  cut  is  about  %  inch  and  the  table  feeds  0.250 
inch  per  revolution  of  the  cutter  or  over  13  inches  per  minute.  This 
cutter  is  made  of  high-speed  steel  and,  therefore,  can  be  run  faster 
without  injuring  the  cutting  edges,  than  if  made  of  ordinary  carbon 
steel. 
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CHAPTER  III 


DIFFERENT  TYPES  OF  MILLING  CUTTERS 


As  the  processes  of  milling  can  be  applied  to  an  almost  unlimited 
range  of  work,  the  cutters  used  on  milling  machines  are  made  in  a 
great  variety  of  forms.  Some  of  the  different  types  can  be  used  for 
general  work  of  a  certain  class,  whereas  other  cutters  are  made 
especially  for  milling  one  particular  part.  Of  course,  the  number  of 
different  types  that  are  used  on  any  one  machine,  depends  altogether 
on  the  variety  of   milling  operations   done   on   that  machine.    When 


Fig1.  8.    Cylindrical.  Side,  and  Face  Milling  Cutters 

the  nature  of  the  work  varies  widely,  the  stock  of  cutters  must  be 
comparatively  large,  and,  inversely,  when  a  machine  is  used  for  mill- 
ing only  a  few  parts,  a  large  cutter  equipment  is  not  necessary. 

A  number  of  different  types  of  cutters  in  common  use  are  shown 
in  Figs.  8,  9,  and  10.  The  form  illustrated  at  A,  Fig.  8,  is  called  a 
cylindrical  or  plain  cutter.  This  form  is  used  for  producing  flat  sur- 
faces and  it  is  made  in  various  diameters  and  lengths.  Another 
cutter  of  the  cylindrical  type  is  shown  at  B.  This  differs  from  cutter 
A  in  that  the  teeth  are  nicked  at  intervals  along  the  cutting  edges. 
The  idea  in  nicking  the  teeth  is  to  break  up  the  chips,  as  previously 
mentioned.  This  enables  heavier  or  deeper  cuts  to  be  taken  with 
the  same  expenditure  of  power;  hence,  the  nicked  cutter  is  exten- 
sively used  for  roughing  cuts.  It  will  be  noted  that  the  teeth  of  these 
two  cutters  are  not  parallel  with  the  axis,  but  are  helical  or  "spiral." 
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Cutters  having  helical  teeth  are  generally  used  in  preference  to  the 
type  with  straight  or  parallel  teeth,  especially  for  milling  compara- 
tively wide  surfaces,  because  the  former  cut  more  smoothly.  When 
teeth  are  parallel  to  the  axis,  each  tooth  begins  to  cut  along  its  entire 
width  at  the  same  time;  consequently,  if  a  wide  surface  is  being 
milled,  a  shock  is  produced  as  each  tooth  engages  the  metal.  This 
difficulty  is  not  experienced  with  helical  teeth  which,  being  at  an 
angle,  begin  to  cut  at  one  side  and  continue  across  the  work  with  a 
smooth  shaving  action.  Helical  cutters  also  require  less  power  for 
driving  and  produce  smoother  surfaces. 

A  side  milling  cutter  is  shown  at  C.    This  type  has  teeth  on  both 
sides,  as  well  as  on  the  periphery,  and  it  is  used  for  cutting  grooves 


Flff.  0.    End  Mills.  T-slot  Out  tor,  Shell  End  Mill,  and  Angular  Cutter 

or  slots  and  for  other  operations,  examples  of  which  will  be  shown 
subsequently.  The  sides  of  this  form  of  cutter  are  recessed  between 
the  hub  and  inner  ends  of  the  teeth,  in  order  that  they  will  clear 
a  surface  being  milled.  Two  side  mills  are  often  mounted  on  the 
same  arbor  and  used  in  pairs  for  milling  both  sides  of  a  part  at  the 
same  time.  This  type  of  cutter  is  also  employed  in  conjunction  with 
other  forms  for  milling  special  shapes,  as  will  be  shown  later.  Another 
side  milling  cutter  is  shown  at  D.  This  mill,  instead  of  being  made 
of  one  solid  piece  of  steel,  has  a  cast-iron  body  into  which  tool  steel 
teeth  are  inserted.  These  teeth  fit  into  slots  and  they  are  held  in 
place  by  flat-sided  bushings  which  are  forced  against  them  by  the 
screws  shown.  There  are  many  different  methods  of  holding  teeth 
In  cutters  of  this  type.  The  inserted-tooth  construction  is  ordinarily 
used  for  large  cutters,  in  preference  to  the  solid  form,  because  it  is 
cheaper,  and  the  inserted  teeth  can  readily  be  replaced  when  neces- 
sary. When  solid  cutters  are  made  in  large  sizes,  there  is  danger 
of  their  cracking  while  being  hardened,  but  with  the  inserted-tooth 
type,  this  is  eliminated.     A  large  cylindrical  cutter  with  inserted  teeth 
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is  shown  at  E.  The  cutter  illustrated  at  F  also  has  inserted  teeth  and 
is  called  a  face  milling  cutter.  This  form  is  especially  adapted  to 
end  or  face  milling  operations.  When  in  use,  the  cutter  is  mounted 
on  a  short  arbor  which  is  inserted  in  the  milling  machine  spindle. 


Fig.  lO.    Formed  Cutters,  Angular  Cutters,  and  81  it  Una:  Saw 

The  three  cutters,  A,  B,  and  C,  Fig.  9,  are  called  end  mills  because 
they  have  teeth  on  the  end  as  well  as  on  the  periphery  or  body; 
hence,  they  can  cut  in  an  endwise  as  well  as  a  sidewise  Hiirection. 
These  mills,  instead  of  being  mounted  on  an  arbor,  have  taper  shanks 
which  are  driven  into  a  hole  of  corresponding  taper    in  the  machine 


Fir.  11.    Diagrams  illustrating  use  of  Formed  Cutters  for  fluting 
Taps,  Reamers,  etc. 

spindle.  The  shanks  have  a  flat  end  or  tang  which  engages  a  slot 
in  the  spindle  and  prevents  the  mill  from  slipping  when  taking  a  cut. 
The  mill  shown  at  A  has  straight  teeth,  whereas  the  form  B  has  spiral 
teeth.  The  type  shown  at  C  Is  adapted  to  slot  milling,  especially  when 
it  is  necessary  to  cut  in  to  the  required  depth  with  the  end  of  the 
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mill,  because  the  Inner  ends  of  the  teeth  are  sharp,   and  can  more 
readily  cut  a  path  from  the  starting  point. 

The  cutter  illustrated  at  D  is  a  special  form  used  for  cutting  T-slots, 
after  the  central  groove  has  been  milled.  The  larger  sizes  of  end 
mills  do  not  have  solid  taper  shanks,  but  are  made  in  the  form  of 
shells  (as  at  E)  which  are  fastened  to  an  arbor  that  serves  as  a  shank. 


Fig".  IB.    Fly-cutter  and  Arbor 

This  arbor  has  a  taper  end  that  fits  the  machine  spindle,  and  the 
mill  is  attached  to  the  outer  end  which  is  equipped  with  a  driving 
key  that  engages  a  slot  cut  across  the  inner  end  of  the  mill.  This 
type  of  cutter  can  often  be  used  when  a  long  arbor  with  an  outboard 
support  would  be  in  the  way.  The  angular  cutter  F  has  teeth  which 
are  at  an  angle  of  60  degrees  with  the  axis.  This  form  is  used  for 
milling  dovetailed  slots  and  for  similar  work.  The  particular  style 
shown  has  a  threaded  hole  and  it  is  screwed  onto  an  arbor. 

The  two  cutters  illus- 
trated at  A  and  B,  Fig.  10, 
are  examples  of  formed 
milling  cutters.  The  cut- 
ting edges  of  this  type  are 
made  to  the  same  shape  as 
the  profile  of  the  piece  to 
be  milled.  The  small  parts 
of  sewing  machines,  guns, 
typewriters  and  other 
pieces  having  an  irregular 
and  intricate  shape,  are 
milled  with  formed  cutters. 
The  teeth  of  these  cutters 
are  "backed  off"  so  that 
they  can  be  sharpened  without  changing  the  profile,  provided  the  front 
faces  are  ground  radial.  The  convex  and  concave  cutters,  C  and  D, 
which  are  also  of  the  formed  type,  are  for  milling  half-circles,  one 
cutting  half-round  grooves  and  the  other,  forming  half-round  edges. 
Formed  cutters  are  made  in  a  great  variety  of  shapes  and  they  are 
used  for  many  different  purposes.  The  diagrams,  Fig.  11,  illustrate 
how  formed  cutters  are  used  for  fluting  taps,  reamers,  and  four-lipped 
drills.  Sketch  A  shows  how  the  grooves  or  flutes  are  cut  in  a  tap.  As 
will  be  seen,  the  groove  is  milled  to  the  same  shape  as  the  cutter.  The 
sketches   at    B    and    C   show    cutters    of    different    shapes    for    fluting 


Fig.  18.    Interlocking  Bide  Milling  Cutter 
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reamers,  and  D  illustrates  how  the  grooves  are  cut  in  four-lipped  twist 
drills,  of  the  type  used  in  screw  and  chucking  machines  for  roughing 
out  holes  prior  to  reaming.  The  angular  cutters,  E  and  F  (Fig.  10), 
are  used  extensively  for  forming  teeth  on  milling  cutters.  The  style  E 
is  employed  for  cutting  straight  teeth,  whereas  the  double-angle  cutter 
F  is  especially  adapted  to  milling  spiral  grooves.  The  thin  cutter  illus- 
trated at  O  is  known  as  a  slitting  saw,  and  it  is  used  for  milling 
narrow  slots,  cutting  off  stock,  and  fcr  similar  purposes. 

Fig.  12  shows  a  simple  type  of  cutter  that  is  often  used  for  opera- 
tions that  will  hot  warrant  the  expense  of  a  regular  formed  cutter. 
This  is  called  a  fly-cutter.  The  milling  is  done  by  a  single  tool  c 
which  has  the  required  outline.     This  tool  is  held  in  an  arbor  having 


Fig.  14.    Milling-  Groove  with  Interlocking  Cutter 

a  taper  shank  the  same  as  an  end  mill.  The  advantage  of  the  fly- 
cutter  is  that  a  single  tool  can  be  formed  to  the  desired  shape,  at  a 
comparatively  small  expense. 

The  milling  cutter  shown  in  Fig.  13  is  similar  to  a  side  mill,  but 
it  is  composed  of  two  units  instead  of  being  made  of  one  solid  piece 
of  steel.  These  two  sections  are  joined  as  shown  by  the  view  to  the 
left,  there  being  projections  on  each  half  which  engage  corresponding 
slots  in  the  other  half,  thus  locking  both  parts  together.  This  type 
of  cutter  is  largely  used  for  milling  grooves  or  slots,  because  as  the 
side  teeth  wear  or  are  ground  away,  the  two  sections  of  the  mill 
can  be  spread  apart  by  washers  in  order  to  maintain  a  standard  width. 
An  example  of  slot  milling  with  an  interlocking  cutter  is  shown  in 
Fig.  14.  The  cutter  is  mounted  on  an  arbor  the  same  as  a  regular 
side  mill,  and  the  part  to  be  grooved  is  bolted  directly  to  the  table, 
one  end  being  supported  on  parallel  strips.  When  it  is  necessary  to 
mill  a  large  number  of  grooves  to  a  standard  size,  the  interlocking 
cutter  is  the  best  type  to  use,  owing  to  its  adjustment  for  width. 
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FORM  MILLING— STRADDLE  AND  GANG 
MILLING-END  MILLING 

One  of  the  great  advantages  of  the  milling  process  is  that  duplicate 
parts  having  intricate  shapes  can  be  finished  within  such  close  limits 
as  to  be  interchangeable.  Because  of  this  fact,  milling  machines  are 
widely  used  for  manufacturing  a  great  variety  of  small  machine 
parts  having  an  irregular  outline.  The  improved  high-speed  steel 
cutters  now  used,  and  the  powerful  machines  which  have  been  de- 


Fig.  IS.    Bxample  of  Form  Milling 

veloped   for  driving  these  cutters,  also  make  it  possible  to  machine 
many  heavy  parts    more  rapidly  by  milling  than  in  any  other  way. 

When  pieces  having  an  irregular  outline  are  to  be  milled,  it  is 
nscessary  to  use  a  cutter  having  edges  which  conform  to  the  profile 
of  the  work.  Such  a  cutter  is  called  a  form  or  formed  cutter,  as 
explained  in  Chapter  III.  There  is  a  distinction  between  a  form 
cutter  and  a  formed  cutter,  which  according  to  the  common  use  of 
these  terms  is  as  follows:  A  formed  cutter  has  teeth  which  are  so 
relieved  or  "backed  oft*"  that  they  can  be  sharpened  by  grinding,  with- 
out changing  the  tooth  outline,  whereas  the  term  form  cutter  may  be 
applied  to  any  cutter  for  form  milling,  regardless  of  the  manner  in 
which  the  teeth  are  relieved. 
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An  example  of  form  milling  is  illustrated  in  Pig.  16,  which  shows 
a  steel  piece  W  having  an  irregular  edge  which  is  milled  by  form 
cutter  C.  The  part  W  is  held  in  a  vise  which  is  equipped  with  special 

false  jaws  having  the 
samo  outline  as  the 
work,  to  provide  a 
more  rigid  support 
These  special  jaws  are 
attached  to  the  vise  in 
place  of  the  regular 
jaws,  which  are  re- 
movable. When  the 
cutter  feeds  across  the 
work,  its  form  is  re- 
produced. A  large 
number  of  duplicate 
parts  can  be  milled  in 
a  comparatively  short 
time,  in  this  way. 
Of  course,  form  milling  is  not  economical,  unless  the  number  of 
parts  wanted  is  sufficient  to  warrant  the  expense  of  the  formed  cutter. 
Another  form  milling  operation  is  shown  in  Fig.  15.  The  small  levers 
L  are  finished  on  the  edges  to  the  required  outline  by  cutter  C.  These 
levers  are  malleable  castings  and  they  are  held  in  a  vise  V  attached 


Fiff.  16.    Formed  Cutter  for  Milling  Part  W 


MKZY 


tzm\ — ; 


3" 


_J      a 


Mtachtutrg 


Flflr.  17.    (A)  Straddle  Milling-.    (B)  Gang  Milling 

to  the  table.    When  milling,  the  cutter  makes  50  R.  P.  M.   and  the 
feed  is  0.053  inch,  giving  a  table  travel  of  2.65  inches  per  minute. 

Straddle  and  Gang  Milling 
When  it  is  necessary  to  mill  opposite  sides  of  duplicate  parts  so 
that  the  surfaces  will  be  parallel,  two  cutters  can  often  be  used 
simultaneously.  This  is  referred  to  as  straddle  milling.  The  two  cut- 
ters which  form  the  straddle  mill,  are  mounted  on  one  arbor,  as  shown 
at  A,  Fig.   17.   and   they   are   held   the   right   distance   apart   by   one 
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or  more  collars  and  washers.  Side  mills  which  have  teeth  on  the 
sides  as  well  as  on  the  periphery  (as  shown  at  C  and  D,  Fig.  8),  are 
used  for  work  of  this  kind.  Duplicate  pieces  can  be  milled  very 
accurately  by  this  method,  the  finished   surfaces  being  parallel  and 


Fig.  19.    Finishing  End  of  Rocker-arm  with  Straddle  Mill 

to  a  given  width  within  close  limits.  If  the  proper  distance  between 
the  cutters  cannot  be  obtained  with  the  arbor  collars  available,  fine 
adjustments  are  made  by  using  metal  or  paper  washers.  When  con- 
siderable  accuracy   is  necessary,   the   final   test   for   width   should   be 
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made  by  taking  a  trial  cut  end  measuring  the  finished  surface.  When 
the  teeth  on  one  side  of  each  mil]  become  dull,  the  opposite  sides 
can  be  used  by  placing  the  right-hand  cutter  on  the  left-hand  side 
and  vice  versa;  that  is  by  exchanging  the  positions  of  the  mills  on 
the  arbor. 

Figs.  18  and  19  show  how  the  rocker-arm  of  a  crank-shaper  is 
finished  by  milling.  This  work  requires  two  operations,  one  of  which 
is  a  good  example  of  straddle  milling.  A  cylindrical  cutter  is  used 
to  mill  both  sides  of  the  central  slot,  as  shown  in  Fig.  18.  The  short 
slot  at  the  left  end   of  the  rocker-arm   is  also  milled  by  this   same 
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Fifir.  20.    Example  of  Guns'  Milling: 

cutter,  as  well  as  the  raised  pads  on  the  top  and  bottom  of  the  arm. 
This  cutter  is  2%  inches  in  diameter,  and  when  milling  the  long 
central  slot,  a  1/16  inch  cut  is  taken  at  the  top  and  bottom  with  a 
feed  of  3  inches  per  minute.  The  second  operation  consists  in  mill- 
ing the  sides  of  the  slotted  end.  as  shown  in  Fig.  19.  Two  8Vi-inch 
cutters  of  the  inserted-tooth  type,  are  used  to  form  a  straddle  mill, 
which  machines  both  sides  at  the  same  time.  The  time  required  for 
milling  each  arm  is  2*4  hours.  The  casting  is  held  in  a  special  two- 
part  fixture  which  is  bolted  to  the  table.  That  section  of  the  fixture 
which  supports  the  right-hand  end,  has  V-shaped  notches  which  re- 
ceive a  trunnion  as  shown,  thus  setting  the  casting  vertically,  whereas 
the  left-hand  end  is  clamped  between  setscrews  that  are  adjusted  to 
locate  the  casting  horizontally.  After  this  fixture  is  once  set  up  and 
adjusted,  very  little  time  is  required  for  setting  one  of  these  rocker- 
arms  in  position  for  milling,  but  it  would  be  rather  difficult  to  hold 
q  casting  of  this  shape    by  the  use  of  ordinary  clamps. 
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A  great  deal  of  the  work  done  in  a  milling  machine  (especially 
of  the  plain  horizontal  type),  is  machined  by  a  combination  or  "gang" 
of  two  or  more  cutters  mounted  on  one  arbor.  This  is  known  as 
gang  milling.  If  a  plain  cylindrical  cutter  were  placed  between  the 
side  mills  shown  at  A  in  Fig.  17,  a  gang  cutter  B  would  be  formed 
for  milling  the  five  surfaces  a,  5,  c,  d,  and  e,  simultaneously.  This 
would  not  only  be  a  rapid  method,  but  one  conducive  to  uniformity 
when  milling  duplicate  parts. 

An  example  of  gang  milling  is  shown  in  Fig.  20.  Four  castings 
are  clamped  to  a  fixture  and  are  machined  at  one  time  by  a  gang- 


Fig.  21.    Milling  Top  and  Sides  of  Casting1  with  Chang  Mill 

cutter  which  mills  the  top  edges  a,  the  inner  sides  b,  and  also  the 
top  surfaces  c  between  the  projecting  ends.  This  cutter  is  formed  of 
four  independent  units.  The  surfaces  c  are  milled  by  two  cutters 
of  the  same  size,  which  have  right-  and  left-hand  spiral  teeth,  as 
shcv.n,  and  the  tops  a  of  the  end  flange3  are  finished  by  two  narrower 
cutters  cf  smaller  diameter.  The  two  central  cutters  have  a  com- 
bined width  of  9%  inches  and  they  are  6  inches  in  diameter.  The 
speed  of  the  cutter  is  32  revolutions  per  minute  and  the  greatest  depth 
of  cut  about  3/16  inch. 

Another  gang  milling  operation  is  shown  in  Fig.  21.  The  cutter, 
in  this  case,  is  similar  to  the  one  illustrated  in  Fig.  20.  except  that 
large  aide  mills  are  employed  for  finishing  the  sides  of  the  castings 
while  the  top  surfaces  are  being  milled.  These  side  mills  are  IOYj 
inches  in  diameter  and  have  inserted  teeth  or  blades.  The  speed 
of  a  gang-mill   which   is  composed   of  cutters  that  vary  considerably 
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in  diameter,  must  be  regulated  to  suit  the  largest  cutters.  In  this 
instance,  the  cutter  only  makes  21  revolutions  per  minute,  a  compara- 
tively slow  speed  being  necessary  owing  to  the  large  side  mills. 

Gang  milling  is  usually  employed  when  duplicate  pieces  are  milled 
In  large  quantities,  and  the  application  of  this  method  is  almost  un- 
limited. Obviously,  the  form  of  a  gang-cutter  and  the  number  of 
cutters  used,  depends  altogether  on  the  shape  of  the  part  to  be  milled. 
Gang-cutters  are  sometimes  made  by  combining  cylindrical  and  formed 
cutters,  for  producing  an  irregular  or  intricate  profile. 

Fig.  22  shows  an  example  of  gang  milling  in  which  two  castings 
are  placed  side  by  side  and  rough  milled  simultaneously.    The  gang- 


Fisr.  22.    Milling'  Two  Parte  Simultaneously 

cutter  is  composed  of  seven  units,  as  the  illustration  shows.  The 
large  inserted-tooth  cutter  a  in  the  center  mills  the  inner  sides  of 
each  casting,  while  the  top  surfaces  are  machined  by  the  four  cylin- 
drical cutters  shown.  The  cutters  0,  placed  between  the  cylindrical 
cutters,  mill  channels  or  grooves  which,  by  another  operation,  are 
formed  into  T-slots.  All  of  these  cutters  are  made  of  high-speed  steel 
and  the  speed  is  36  revolutions  per  minute.  The  work  table  feeds 
0.112  inch  per  revolution,  thus  giving  a  travel  of  4  inches  per  minute. 
Two  of  these  castings  are  milled  in  18  minutes,  which  includes  the 
time  required  for  clamping  them  to  the  machine. 

It  shoulu  be  noted  that  when  more  than  one  spiral  toothed  cylin- 
drical cutter  is  mounted  on  one  arbor,  for  forming  a  gang-mill,  cutters 
having  both  right-  and  left-hand  spirals  are  used.  For  example 
the  central  part  of  the  cutter  shown  in  Fig.  20    is  composed  of  two 
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cutters  having  teeth  which  incline  in  opposite  directions;  that  is  the 
teeth  of  one  cutter  form  a  right-hand  spiral  and  the  teeth  of  the 
other  cutter,  a  left-hand  spiral.  The  reason  why  cutters  of  opposite 
hand  are  used,  is  to  equalize  the  end  thrust,  the  axial  pressure  caused 
by  the  angular  position  of  the  teeth  of  one  cutter  being  counteracted 
by  a  pressure  in  the  opposite  direction  from  the  other  cutter. 

Still  another  gang  milling  operation  is  shown  in  Fig.  23.  In  this 
instance,  the  top  surface  of  the  casting  is  milled  and  two  tongue- 
pieces  are  formed  by  the  central  gang  of  five  cutters,  which  are  of 
the  straight-tooth  type  and  vary  in  diameter  to  give  the  required 
outline.    The  large  angular  mills  at  the  ends  finish  the  sloping  sides 


Fiff.  28.    Another  Gan*  Milling  Operation 

of  the  casting,  as  the  illustration  indicates.  The  speed  of  rotation  is 
33  revolutions  per  minute,  and  the  table  travel,  6%  inches  per  minute. 
The  feeding  movement  is  to  the  left  or  against  the  rotation  of  the 
cutters,  which  is  also  true  of  Figs.  20,  21  and  22. 

Bnd  and  Face  Milliner 
All  of  the  milling  operations  referred  to  so  far  have  been  performed 
with  cutters  mounted  on  an  arbor,  the  latter  being  driven  by  the 
spindle  and  supported  by  an  out-board  bearing.  For  some  classes 
of  work,  the  cutter,  instead  of  being  placed  on  an  arbor,  is  attached 
directly  to  the  machine  spindle.  End  mills,  for  instance,  are  driven 
in  this  way,  as  previously  mentioned,  and  large  face  milling  cutters 
are  also  fastened  to  the  end  of  the  spindle.  Surfaces  are  frequently 
machined  by  end  mills,  when  using  a  horizontal  milling  machine, 
because  it  would  not  be  feasible  to  use  a  cutter  mounted  on  an  arbor. 
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Sketch  A,  Fig.  24,  illustrates  how  a  pad  or  raised  part  on  the  side 
of  a  casting  would  be  machined  by  an  end  mill.  The  surface  is  milled 
by  the  radial  teeth  on  the  end  as  well  as  by  the  axial  teeth,  as  the 
work  is  traversed  at  right-angles  to  the  cutter.  Occasionally,  an  end 
mill  is  used  in  this  way,  after  the  top  surface  of  a  casting  has  been 
milled  with  one  or  more  cutters  mounted  on  an  arbor,  in  order  to 
finish  the  work  at  one  setting,  which  not  only  saves  time,  but  insures 
accuracy  of  alignment  between  the  finished  parts. 

Sketch  B  indicates  how  an  end  mill  is  used  for  cutting  grooves  in 
a  vertical  surface.  The  cutter  is  set  to  the  required  depth  by  moving 
the  table  inward,  and  then  the  longitudinal  feed  is  engaged,  which 
causes  a  groove  to  be  milled  equal  in  width  to  the  diameter  of  the 


Fig.  24.    End  Milling— Diagrams  illustrating*  use  of  T-slot  Cutter 

cutter.  As  mentioned  in  Chapter  III,  if  it  is  necessary  to  start  a 
groove  by  sinking  the  cutter  in  to  depth,  without  first  drilling  a  hole 
as  a  starting  place,  the  form  of  mill  shown  at  C,  Fig.  9,  is  prefer- 
able, as  the  radial  end-teeth  have  cutting  edges  on  the  inside  so  that 
they  can  more  readily  cut  a  path  from  the  starting  point,  when  the 
-  ork  i3  fed  laterally.  An  end  mill  should  not  be  used  for  cutting 
grooves  or  slots  if  a  regular  cutter  mounted  on  an  arbor  can  be 
employed. 

When  milling  T-slots  such  as  are  cut  in  the  tables  of  machine  tools 
for  receiving  clamping  bolts,  a  plain  slot  is  first  milled  to.  the  depth 
of  the  T-slot  as  shown  by  sketch  C,  Fig.  24.  This  preliminary  opera- 
tion is  usually  done  with  a  side  mill  of  the  proper  width,  while  the 
work  is  clamped  in  a  horizontal  position.  The  enlarged  or  T-section 
is  then  milled  as  shown  by  sketch  D,  the  casting  being  clamped  in  a 
vertical  position,  provided  a  horizontal  milling  machine  is  employed. 
The  T-slot  cutter  enlarges  the  bottom  of  the  straight  groove,  as  indi- 
cated at  E,  which  shows  the  finished  slot. 
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Fig.  25  shows  how  an  end  mill  is  used  for  cutting  an  elongated 
slot  in  a  link  L.  Prior  to  milling,  holes  are  drilled  at  each  end  of 
the  slot,  one  of  which  forms  a  starting  place  for  the  milling  cutter. 
The  link  is  held  in  a  vise  and  the  metal  between  the  two  holes  is 


Fig.  25 

- 

.    Milling  Slot  with  End  Mill 

isu&t 

5j  *J* 

Fiff.  20.  MllUnff  a  Dovetail  Groove 

cut  away  to  form  the  slot,  by  feeding  the  table  lengthwise.  By  means 
of  the  automatic  stop,  the  feed  is  disengaged  when  the  cutter  has 
reached  the  end  of  the  slot.  The  shank  of  the  end  mill  is  not  inserted 
directly  into  the  spindle  of  the  machine,  but  into  a  reducing  collet  C. 
This  collet  fits  into  the  taper  hole  of  the  spindle  and  is  bored  out  to 
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receive  the  end  mill,  the  shank  of  which  is  too  small  to  be  placed 
directly  in  the  spindle. 

One  method  of  machining  a  dovetail  groove  for  a  slide  i3  shown 
in  Fig.  26,  which  illustrates  another  end  milling  operation.  The 
cutter  used  for  this  work  has  radial  teeth  on  the  end,  and  also 
angular  teeth  which  incline  30  degrees  with  the  axis  of  the  cutter. 
The  radial  end  teeth  mill  the  bottom  or  flat  surface  of  the  groove 
and  the  angular  teeth  finish  the  sides  and  form  the  dovetail.  The 
way  the  casting  is  clamped  to  the  table  is  plainly  shown  by  the  illus- 
tration. The  cutter  is  mounted  on  an  arbor  which  is  Inserted  in  the 
spindle. 


Flff.  97.    Finishing  Vertical  Surface  with  Face  Mill 

An  end  milling  operation  is  shown  in  Fig.  27,  which  differs  from 
those  previously  referred  to,  in  that  a  large  face  cutter  is  used,  which, 
in  this  instance,  is  screwed  onto  the  end  of  the  spindle.  Large  face 
mills  are  employed  on  horizontal  machines  for  milling  flat  surfaces 
that  lie  in  a  vertical  platoe.  Some  cutters  of  this  type,  instead  of 
being  threaded  directly  to  the  spindle,  are  mounted  on  a  short  arbor, 
whereas  other  designs  fit  over  interchangeable  sleeves  threaded  to  the 
spindle.  The  casting  illustrated  in  Fig.  27  is  clamped  against  an  angle- 
plate  to  hold  it  securely,  and  a  strap  at  the  rear  prevents  it  from 
shifting  backward  when  a  cut  is  being  taken.  The  surface  is  milled 
by  feeding  the  table  longitudinally,  and  only  one  cut  is  necessary,  as 
the  work  is  finished  afterward  by  a  surface  grinder.  The  number  of 
cuts  required,  when  milling,  is  governed  by  the  amount  of  metal  to 
be  removed  and  also  by  the  accuracy  of  the  work,  as  well  as  the 
quality  of  finish  desired. 
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UNIVERSAL  MILLING  MACHINE 

The  milling  machine  illustrated  in  Fig.  28  is  referred  to  as  a 
universal  type,  because  it  is  adapted  to  such  a  wide  variety  of  milling 
•operations.  The  general  construction  is  similar  to  that  of  a  plain 
milling  machine,  although  the  universal  type  has  certain  adjustments 
and  attachments  which  make  it  possible  to  mill  a  greater  variety  of 
work.  On  the  other  hand,  the  plain  machine  is  more  simple,  and, 
for  a  given, size,  more  rigid  in  construction;  hence,  it  is  better 
adapted  for  milling  large  numbers  of  duplicate  parts  in  connection 
with  manufacturing  operations. 

The  universal  machine  has  a  column  C,  a  knee  K  which  can  be 
moved  vertically  on  the  column,  and  a  table  with  cross  and  longi- 
tudinal adjustments  the  same  as  a  machine  of  the  plain  type.  There 
is  a  difference,  however,  in  the  method  of  mounting  the  table  on  the 
knee.  As  explained  in  Chapter  I,  the  table  of  a  plain  machine  is 
carried  by  a  saddle  Z  (see  Fig.  2),  which  is  free  to  move  in  a  cross- 
wise direction,  whereas,  the  table"s  line  of  motion  is  at  right  angles 
to  the  spindle.  The  table  of  a  universal  machine  also  has  these 
movements,  and,  in  addition,  it  can  be  fed  at  an  angle  to  the  spindle 
by  swivellng  saddle  Z,  Fig.  28,  on  clamp-bed  B,  which  is  interposed 
between  the  saddle  and  knee.  The  circular  base  of  the  saddle  has 
degree  graduations  which  show  the  angle  at  which  the  table  is  set. 
When  the  zero  mark  of  these  graduations  coincides  with  the  zero 
mark  on  the  clamp-bed,  the  table  is  at  right  angles  to  the  spindle. 
The  saddle  is  held  rigidly  to  the  clamp-bed,  in  whatever  position  it 
may  be  set,  by  bolts  which  must  be  loosened  before  making  an  ad- 
justment. The  utility  of  thjs  angular  adjustment  will  be  explained 
later  in  connection  with  examples  of  universal  milling  operations. 

The  feed  motion  is  derived  from  the  main  spindle,  which  is  con- 
nected with  the  feed  change  mechanism  enclosed  at  F  by  a  chain 
and  sprockets  located  inside  of  the  column.  The  power  is  transmitted 
from  F  to  gear-case  A  containing  the  reverse  mechanism  operated  by 
lever  R,  which  serves  to  start,  stop,  or  reverse  all  feeds.  Levers  T 
and  V  control  the  automatic  transverse  and  vertical  feeds,  respectively, 
and  the  longitudinal  feed  to  the  table  is  controlled  or  reversed  by 
lever  L.  The  longitudinal  feed  is  automatically  tripped  by  the  adjust- 
able dogs  or  tappets  D.  The  vertical  feed  also  has  an  automatic  trip 
mechanism  operated  by  dogs  Dt.  The  table  can  be  traversed  by 
handles  at  each  end  and  the  cross  movement  is  effected  by  wheel  E. 
The  vertical  hand  adjustment  for  the  knee  is  controlled  by  hand- 
wheel  G,  which  operates  a  telescopic  elevating  screw  H.  Adjustable 
dials,  graduated  to  thousandths  of  an  inch,  indicate  the  longitudinal, 
traverse  and   vertical  movements  of  the  table.    The  spindle   on   this 
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machine  is  driven  by  pulley  P.  Speed  changes  are  obtained  by  shift- 
ing levers  0,  Q  and  £,  and  'the  speed  obtained  for  any  position  of 
the  levers  is  shown  by  a  table  or  plate  attached  to  the  column.  The 
machine  is  started  or  stopped  by  lever  U  which  operates  a  clutch 
that  engages  or  disengages  belt  pulley  P.  There  is  an  outboard  sup- 
port for  the  arbors,  having  a  bronzed-bush  bearing  and  also  an  ad- 


Fig1.  88.    Brown  &  Sharpe  Universal  Milling'  Machine 

justable  center  (similar  to  a  lathe  center),  which  is  Inserted  in  the 
centered  end  of  the  arbor  when  in  use.  The  overhanging  arm  is  rigidly 
clamped  in  any  position  by  lever  /,  and  it  can  bo  pushed  back  out 
of  the  way  when  the  arbor  support  is  not  needed.  The  arm  braces  J 
are  attached  to  a  clamp  fastened  to  the  top  of  the  knee. 

Indexing  or  Spiral  Head 
We  have  now  considered,  in  a  general  way,  the  principal  features 
of  a   universal  machine,  so  far  as   the  machine  itself  is  concerned, 
but  before  referring  to  its  practical  application,  the  construction  and 
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use  of  the  attachment  seen  at  N  should  be  explained.  This  attach- 
ment is  called  the  spiral  or  indexing  head  and  it  forms  a  part  of  the 
equipment  of  all  milling  machines  of  the  universal  type.  The  spiral 
head,  when  in  use,  is  bolted  to  the  table  of  the  machine.  It  is  em- 
ployed in  connection  with  the  foot-stock  M,  when  milling  work  that 
must  be  supported  between  the  centers.  The  spiral  head  is  also  used 
independently,  that  is,  without  the  foot-stock,  in  which  case  the  work 
is  usually  held  in  a  chuck  attached  to  the  spindle.  By  means  of  the 
spiral  head,  the  circumference  of  a  cylindrical  part  can  be  divided 
Into  almost  any  number  of  equal  spaces,  as,  for  example,  when  it  is 
necessary  to  cut  a  certain  number  of  teeth  in  a  gear.  It  is  also  used 
for  imparting  a  rotary  motion  to  work,  in  addition  to  the  longitudinal 
feeding  movement  of  the  table,  for  milling  helical  or  spiral  grooves. 

As  a  great  deal  of  the  work  done  in  a  universal  milling  machine 
requires  a  spiral  head,  its  construction  and  operation  should  be  thor- 
oughly understood.  The  general  arrangement  of  the  design  used  on 
Brown  &  Sharpe  machines  is  shown  in  Fig.  29.  The  main  spindle  8 
has  attached  to  it  a  worm-gear  B  (see  the  cross-sectional  view)  which 
meshes  with  the  worm  A  on  shaft  0,  and  the  outer  end  of  this  shaft 
carries  a  crank  J  which  is  used  for  rotating  the  spindle  when  index- 
ing. Worm-wheel  B  has  forty  teeth  and  a  single-threaded  worm  A 
is  used,  so  that  forty  turns  of  the  crank  are  required  to  turn  spindle 
8  one  complete  revolution;  hence,  the  required  number  of  turns  to 
index  a  fractional  part  of  a  revolution  is  found  by  simply  dividing 
fcrty  by  the  number  of  divisions  desired.  (As  there  are  different 
methods  of  indexing,  this  subject  is  referred  to  separately  to  avoid 
confusion).  In  order  to  turn  crank  J  a  definite  amount,  a  plate  / 
is  used,  having  several  concentric  rows  of  holes  that  are  spaced  equi- 
distant in  each  separate  row.  When  Indexing,  spring-plunger  P  is 
withdrawn  by  pulling  out  knob  J  and  the  crank  is  rotated  as  many 
holes  as  may  be  required.  The  number  of  holes  in  each  circle  of  the 
index  plate  varies,  and  the  plunger  is  set  in  line  with  any  circle  by 
adjusting  the  crank  radially.  One  index  plate  can  be  replaced  by 
another  having  a  different  series  of  holes,  when  this  is  necessary  in 
order  to  obtain  a  certain  division. 

Sometimes  it  is  desirable  to  rotate  the  spindle  8  independently  of 
crank  J  and  the  worm  gearing;  then  worm  A  is  disengaged  from 
worm-wheel  B.  This  disengagement  is  effected  by  turning  knob  E 
about  one-quarter  of  a  revolution  in  a  reverse  direction  to  that  indi- 
cated by  the  arrow  stamped  on  It,  thus  loosening  nut  G  which  holds 
eccentric  bushing  H.  Both  knobs  E  and  F  are  then  turned  at  the 
same  time,  which  rotates  bushing  H  and  throws  worm  A  out  of  mesh. 
The  worm  is  re-engaged  by  turning  knobs  E  and  F  in  the  direction 
of  the  arrow;  knob  E  should  then  be  tightened  with  a  pin  wrench. 
The  worm  is  disengaged  in  this  way  when  it  is  desired  to  index 
rapidly  by  hand,  and  when  the  number  of  divisions  required  can  be 
obtained  by  using  plate  C.  This  plate  is  attached  to  the  spindle  and 
contains  a  circle  of  holes  which  are  engaged  by  pin  D,  operated  by 
lever  Z>„  (see  cross-section).    This  direct  method  of  indexing  can  often 
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be  employed  to  advantage  when  milling  flutes,  reamers,  taps,  etc., 
but,  as  only  a  limited  number  of  divisions  can  be  obtained  by  this 
method,  it  is  necessary  to  use  crank  J  and  index  plate  /  for  most 
of  the  work  requiring  indexing. 

When  the  spiral  head  is  used  in  connection  with  the  milling  of 
helical  grooves  (which  are  commonly  but  erroneously  called  spiral 
grooves),   the  main  spindle  8  is  rotated  slowly  by  change  gears  as 


Fiff.  29.    Spiral  Head  used  for  Spiral  Milling  and  Indexing 

the  work  feeds  past  the  cutter.  These  change  gears  transmit  motion 
from  the  table  feed-screw  L  to  shaft  W,  which,  in  turn,  drives  spindle 
8  through  spiral  gears,  spur  gears  and  the  worm-gearing  A  and  B. 
The  method  of  determining  what  size  gears  to  use  for  milling  a  helix 
of  given  lead  is  explained  in  Part  II  of  this  treatise. 

There  is  one  other  feature  of  the  spiral  head  which  should  be 
referred  to,  and  that  is  the  angular  adjustment  of  the  main  spindle. 
It  is  necessary  for  some  classes  of  taper  work  to  set  the  spindle 
at  an  angle  with  the  table,  and  this  adjustment  is  made  by  loosening 
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bolts  K  and  turning  the  circular  body  T  in  its  base.  The  angle  to 
which  the  head  is  set,  is  shown  by  graduations  reading  to  %  a  degree. 
The  spindle  of  this  particular  head  can  be  set  to  any  angle  between 
10  degrees  below  the  horiontal  and  5  degrees  beyond  the  perpen- 
dicular. This  adjustment  is  needed  when  milling  taper  work  which 
must  be  set  at  an  angle  with  the  table. 

The  footstock  M,  which  is  used  in  connection  with  the  spiral  head 
when  milling  parts  that  are  supported  between  centers,  is  also  ad- 
justable so  that  the  centers  c  and  cx  can  be  aligned  when  milling 
flutes  in  taper  reamers,  etc.  The  foot  stock  center  is  set  in  line  with 
center  c,  when  the  latter  is  in  a  horizontal  position,  by  two  taper  pins 
on  the  rear  side.  When  it  is  desired  to  set  the  center  at  an  angle, 
these  pins  are  removed  and  the  nuts  shown  are  loosened;  the  center 
can  then  be  elevated  or  depressed  by  turning  a  nut  at  the  rear,  which 
moves  the  center  through  a  rack  and  pinion. 

Work  mounted  between  the  centers  is  caused  to  rotate  with  the 
spindle,  either  when  indexing  or  when  cutting  helical  grooves,  by  a 
dog  which  engages  driver  plate  d.  The  tail  of  the  dog  should  be 
confined  by  a  set-screw  e,  to  prevent  any  rocking  movement  of  the 
work. 

Spiral  heads  of  different  makes  vary  more  or  less  in  their  arrange- 
ment, which  is  also  true  of  milling  machines,  or,  in  fact,  of  any  other 
kinds  of  machine  tools.  Machines  or  attachments  of  a  given  type, 
however,  usually  have  the  same  general  features,  and  if  one  or  two 
typical  designs  are  understood,  it  is  comparatively  easy  to  become 
familiar  with  other  makes.  Of  course,  the  operator  of  any  machine 
tool  should  be  acquainted  with  its  general  construction,  but  it  is  even 
more  important  to  have  a  clear  understanding  of  its  appplication  to 
various  kfnds  of  work. 
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CHAPTER  VI 


USB  OP  THE  SPIRAL  HEAD-SIMPLE  INDEXING 

The  spiral  head  is  ordinarily  used  for  such  work  as  milling  the 
teeth  in  milling  cutters,  fluting  reamers  and  taps,  cutting  teeth  in 
small  gears,  or  for  holding  any  part  which  must  be  rotated  either 
at  the  time  it  is  being  milled  or  between  successive  cuts.  As  an 
example  of  the  work  that  requires  indexing  between  successive  cuts, 
suppose  we  have  a  cylindrical  milling  cutter  blank  which  requires  18 
equally-spaced  teeth  to  be  cut  across  the  circumference  parallel  to 
the  axis  and  with  the  front  face  of  each  tooth  on  a  radial  line.  The 
first  step  would  be  to  press  the  blank  on  an  arbor,  assuming  that  it 
has  previously  been  bored  and  turned  to  the  proper  diameter.  The 
arbor  and  work  is  then  placed  between  the  centers  of  the  spiral  head 
and  footstock,  as  shown  in  Fig.  30.  After  attaching  a  dog  to  the  left- 
hand  end,  set-screw  e  is  set  against  the  dog  to  take  up  any  play  be- 
tween these  parts,  and  the  footstock  center  is  adjusted  rather  tightly 
into  the  center  of  the  arbor  to  hold  the  latter  securely. 

The  form  of  cutter  to  use  is  the  next  thing  to  consider.  As  the 
grooves  which  form  the  teeth  are  angular,  the  cutter  must  have  teeth 
which  incline  to  the  axis  a  corresponding  amount.  A  cutter  of  this 
type  which  is  largely  used  for  milling  straight  teeth,  is  shown  at  E 
in  Fig.  10.  The  cutting  edges  (in  this  instance)  have  an  inclination 
of  60  degrees  with  the  side,  and  the  cutter  is  known  as  a  60-degree, 
single-angle  cutter,  to  distinguish  it  from  the  double-angle  type,  the 
use  of  which  will  be  mentioned  later.  After  the  cutter  is  mounted 
on  an  arbor  6,  as  indicated  in  Fig.  30,  the  straight  side  or  vertical 
face  is  set  in  line  with  the  center  of  the  arbor  as  shown  by  the  de- 
tail end-view  A.  There  are  several  ways  of  doing  this:  A  simple 
method  is  to  draw  a  horizontal  line  across  the  end  of  the  blank  with 
an  ordinary  surface  gage  (the  pointer  of  which  should  be  set  to  the 
height  of  the  spiral  head  center)  and  then  rotate  the  work  one- 
quarter  of  a  revolution  to  place  the  line  in  a  vertical  position,  after 
which  the  side  of  the  cutter  is  set  to  coincide  with  this  line.  The 
side  of  the  cutter  can  also  be  set  directly  by  the  centers.  The  table 
is  first  adjusted  vertically  and  horizontally  until  the  cutter  is  op- 
posite the  spiral  head  center.  A  scale  or  straightedge  held  against 
the  side  of  the  cutter  is  then  aligned  with  the  point  of.  the  center, 
by  shifting  the  table  laterally. 

The  next  step  is  to  set  the  cutter  to  the  right  depth  for  milling 
the  grooves.  The  depth  is  regulated  according  to  the  width  which 
the  tooth  must  have  at  the  top,  this  width  being  known  as  the  land. 
The  usual  method  is  to  raise  the  knee,  table  and  blank  far  enough 
to  take  a  cut,  which  is  known  to  be  somewhat  less  than  the  required 
depth.    The  blank  is  then  indexed  or  turned  1/18  of  a  revolution  (as 
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there  are  to  be  18  teeth)  in  the  direction  shown  by  arrow  a,  and  a 
second  groove  is  started  as  at  B.  Before  taking  this  cut,  the  blank 
is  raised  until  the  required  width  of  land  is  obtained.  The  second, 
groove  is  then  milled,  after  which  the  blank  is  again  indexed  1/18 
of  a  revolution,  thus  locating  it  as  at  C.  This  operation  of  cutting  a 
groove  and  indexing  is  repeated,  without  disturbing  the  position  of 
the  cutter,  until  all  the  teeth  are  formed  as  shown  at  D. 

Plain  or  Simple  Indexing 

The  dividing  of  a  cylindrical  part  into  an  equal  number  of  divisions 
by  using  the  spiral  head,  is  called   indexing.    The  work   is  rotated 


Machinery 


Ft*.  80.    Views  Illustrating  use  of  Spiral  Head  for  Indexing 

whatever  part  of  a  revolution  is  required,  by  turning  crank  /.  As 
previously  explained,  the  shaft  carrying  this  crank  has  a  w.orm  which 
meshes  with  a  worm-wheel  on  the  spiral-head  spindle.  As  the  worm 
is  single-threaded,  and  as  there  are  40  teeth  in  the  worm-wheel,  40 
turns  of  the  crank  are  necessary  to  rotate  the  spindle  one  complete 
revolution.  If  only  a  half  revolution  were  wanted,  the  number  of 
turns  would  equal  40  -*-  2,  or  20,  and  for  1/12  of  a  revolution,  the 
turns  would  equal  40-1-12,  or  3-1/3,  and  so  on.  In  each  case,  the 
number  of  turns  the  index  crank  must  make,  is  obtained  by  dividing 
the  number  of  turns  required  for  one  revolution  of  the   index-head 
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spindle,  by  the  number  of  divisions  wanted.  As  the  number  of  turns 
for  one  revolution  is  always  40,  the  rule  then  is  as  follows:  Divide 
40  by  the  number  of  divisions  into  which  the  periphery  of  the  work 
is  to  be  divided,  to  obtain  the  number  of  turns  for  the  index  crank. 

By  applying  this  rule  to  the  job  illustrated  in  Fig.  30,  we  find  that 
the  crank  J  must  be  turned  2-2/9  times  to  index  the  cutter  from  one 
tooth  to  the  next,  because  there  are  18  teeth,  or  divisions,  and  40  -*- 18 
=  2-2/9.  The  next  question  that  naturally  arises  is,  how  is  the 
crank  to  be  rotated  exactly  2/9  of  a  turn?  This  is  done  by  means  of 
the  index  plate  /,  which  has  six  concentric  circles  of  holes.  These 
holes  have  been  omitted  in  this  illustration  owing  to  its  reduced 
scale,  but  are  shown  in  the  detail  view,  Fig.  31.  The  number  of 
holes  in  the  different  circles  of  this  particular  plate  are  33,  31,  29, 
27,  23,  and  21.  Now,  in  order  to  turn  crank  J  2/9  of  a  revolution, 
it  is  first  necessary  to  adjust  the  crank  radially  until  the  latch-pin 
is  opposite  a  circle  having  a  number  of  holes  exactly  divisible  by  the 
denominator  of  the  fraction  (when  reduced  to  its  lowest  terms)  repre- 
senting the  part  of  a  turn  required.  As  the  denominator  of  the  frac- 
tion in  this  case  is  9,  there  is  only  one  circle  on  this  plate  that 
can  be  used,  namely,  the  27-hole  circle.  In  case  none  of  the  circles 
have  a  number  which  is  exactly  divisible  by  the  denominator  of  the 
fractional  turn  required,  the  index  plate  is  replaced  by  another  hav- 
ing a  different  series  of  holes.  The  number  of  holes  that  the  latch- 
pin  would  have  to  move  for  2/9  of  a  turn  equals  27  X  2/9,  or  6  holes. 
After  the  latch-pin  is  adjusted  to  the  27-hole  circle,  the  indexing  of 
the  cutter  l/i8  of  a  revolution  is  accomplished  by  pulling  out  the 
latch-pin  and  turning  the  crank  2  complete  turns,  and  then  2/9  of 
a  turn,  or  what  is  the  same  thing,  6  holes  in  a  27-hole  circle.  After 
each  tooth  groove  is  milled  in  the  cutter,  this  indexing  operation  is 
repeated,  the  latch-pin  being  moved  each  time  2-2/9  of  a  turn  from 
the  position  it  last  occupied,  until  the  work  has  been  indexed  one 
complete  revolution  and  all  the  teeth  are  milled. 

Use  of  the  Sector 

After  withdrawing  the  latch-pin,  one  might  easily  forget  which  hole 
it  occupied,  or  become  confused  when  counting  the  number  of  holes 
for  the  fractional  turn,  and  to  avoid  mistakes  of  this  kind,  as  well 
as  to  make  it  unnecessary  to  count,  a  device  called  a  sector  is  used. 
The  sector  has  two  radial  arms  A  and  B  (Fig.  31),  which  have  an 
independent  angular  adjustment  for  varying  the  distance  between 
them.  The  sector  is  used  by  so  adjusting  these  arms  that  when  the 
latch-pin  is  moved  from  one  to  the  other,  it  will  traverse  the  re- 
quired number  of  holes  for  whatever  fractional  turn  is  necessary. 
Arm  A  is  first  set  against  the  left  side  of  the  latch-pin,  and  then 
arm  B  is  shifted  to  the  right  until  there  are  6  holes  between  It  and 
the  latch-pin,  as  shown  in  the  illustration.  When  indexing,  the  latch- 
pin  is  withdrawn  from  hole  a  and  the-  cjrank  is  first  given  two  com- 
plete turns  and  then  2/9  of  a  turn  by  moving  the  crank  until  the 
latch-pin   enters   hole   &  adjacent   to   the  arm  B  of  the  sector.    The 
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sector  is  then  revolved  until  arm  A  again  rests  against  the  pin,  as 
shown  by  the  dotted  lines.  After  the  next  groove  is  milled,  the  crank 
is  turned  two  complete  revolutions  as  before,  with  hole  &  as  a  start- 
ing point,  and  then  2/9  of  a  revolution,  by  swinging  the  latch-pin 
around  .to  arm  B  and  into  engagement  with  hole  c.  This  operation  of 
indexing  and  then  moving  the  sector  is  repeated  after  each  tooth 
is  milled,  until  the  work  has  made  one  complete  revolution. 

When  setting  the  sector  arms,  the  hole  occupied  by  the  latch-pln 
should  not  be  counted  or,  in  other  words,  the  arms  should  span  one 


FifT.  31.    Diagram  showing  bow  Sector  la  used  when  Indexing 

more  hoie  man  the  number  needed  to  give  the  required  fractional 
turn.  In  the  example  referred  to,  6  holes  in  the  27-hole  circle  are 
required,  but  the  sector  arms  are  adjusted  to  span  7  holes  or  6 
spaces,  as  shown  in  the  illustration.  The  two  arms  are  locked  in 
any  position  by  tightening  the  small  screw  s.  The  sectors  now  ap- 
plied to  spiral  heads  made  by  the  Brown  &  Sharpe  Mfg.  Co.,  have 
graduations  which  make  it  unnecessary  to  count  the  holes  when  ad- 
justing the  sector  arms.  The  setting  is  taken  directly  from  the  index 
table  accompanying  the  machine,  the  sector  being  adjusted  to  what- 
ever number  is  given  in  the  column  headed  "Graduation." 

In  actual  practice,  the  number  of  turns  of  the  index  crank  for 
obtaining  different  divisions,  is  determined  by  referring  to  index 
tables.  These  tables  give  the  numbers  of  divisions  and  show  what 
circle  of  holes  in  the  index  plate  should  be  used,  and  also  the  turns 
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or  fractional  part  of  a  turn  (when  leas  than  one  revolution  is  neces- 
sary) for  the  index  crank.  The  fractional  part  of  a  turn  is  usually 
given  as  a  fraction  having  a  denominator  which  equals  the  number 
of  holes  in  the  index  circle  to  be  used,  whereas  the  numerator  denotes 
the  number  of  holes  the  latch-pin  should  be  moved,  in  addition  to 
the  complete  revolutions,  if  one  or  more  whole  turns  are  required. 
For  example:  the  movement  for  indexing  24  divisions  would  be  given 
as  1-26/39  of  a  turn,  instead  of  1-2/3,  the  denominator  39  represent- 
ing the  number  of  holes  in  the  index  circle,  and  26  the  number  of 
holes  that  the  crank  must  be  moved  for  obtaining  2/3  of  a  revolution, 
after  making  one  complete  turn. 

Indexing  for  Angles 

Sometimes   it  is   desirable   to   index   a  certain   number   of  degrees 

instead  of  a  fractional  part  of  a  revolution.    As  there  are  360  degrees 

in  a  circle  and  40  turns  of  the   index  crank  are  required   for  one 

revolution   of  the   spiral-head   spindle,   one  turn   of  the   crank   must 

360 

equal =  9  degrees.    Therefore,  two  holes  in  an  18-hole  circle,  or 

40 
three  holes  in  a  27-hole  circle,  is  equivalent  to  a  one-degree  movement, 
as  this  is  1/9  of  a  turn.  If  we  want  to  index  35  degrees,  the  number 
of  turns  the  crank  must  make  equals  35  -r-  9  =  3-8/9,  or  three  complete 
turns  and  8  degrees.  As  a  movement  of  two  holes  in  an  18-hole  circle 
equals  one  degree,  a  movement  of  16  holes  is  required  for  8  degrees. 
If  we  want  to  index  11 V6  degrees,  the  one-half  degree  movement  is 
obtained  by  turning  the  crank  one  hole  in  the  18-hole  circle,  after 
the  11  degrees  have  been  indexed  by  making  one  complete  revolution 
(9  degrees),  and  four  holes  (2  degrees).  Similarly,  one  and  one-third 
degree  can  be  indexed  by  using  the  27-hole  circle,  three  holes  being 
required  to  index  one  degree,  and  one  hole,  one-third  degree. 

When  it  is  necessary  to  index  to  minutes,  the  required  movement 
can  be  determined  by  dividing  the  total  number  of  minutes  repre- 
sented by  one  turn  of  the  index  crank  or  540  (9  X  60  =  540),  by  the 
number  of  minutes  to  be  indexed.  For  example,  to  index  16  minutes 
requires  approximately  1/34  turn  (540 -j- 16  =  34,  nearly),  or  a  move- 
ment of  one  hole  in  a  34-hole  circle.  As  the  33-hole  circle  is  the 
one  nearest  to  34,  this  could  be  used  and  the  error  would  be  very* 
small. 

The  following  is  a  general  rule  for  the  approximate  indexing  of 
angles,  assuming  that  forty  revolutions  of  the  index  crank  are  re- 
quired for  one  turn  of  the  spiral-head  spindle: 

Divide  540  by  the  number  of  minutes  to  be  indexed.  If  the  quotient 
is  nearly  equal  to  the  number  of  holes  in  any  index  circle  available, 
the  angular  movement  is  obtained  by  turning  the  crank  one  hole  in 
this  circle;  but,  if  the  quotient  is  not  approximately  equal,  multiply 
it  by  any  trial  number  which  will  give  a  product  equal  to  the  num- 
ber of  holes  in  one  of  the  index  circles,  and  move  the  crank  in  the 
circle  as  many  holes  as  are  represented  by  the  trial  number. 


Digitized  by 


Google 


MILLING  MACHINE  INDEXING  39 

If  the  quotient  of  540  divided  by  the  number  of  minutes  to  be 
indexed,  is  greater  than  the  largest  indexing  circle,  it  is  not  possible 
to  obtain  the  movement  by  the  ordinary  method  of  simple  indexing. 

Use  of  Chuck  on  the  Spiral  Head 

It  is  often  necessary  to  use  a  spiral  head  iu  connection  with  milling 
of  parts  which  cannot  be  held  between  centers  and  must  be  attached 
directly  to  the  spiral  head  spindle.  A  common  method  of  holding 
work  of  this  kind  is  to  place  it  in  a  chuck  which  is  screwed  onto 
the  spiral  head  spindle.  An  example  of  chuck  work  is  shown  in 
Fig.  32.  The  operation  is  that  of  milling  a  square  head  on  bolt  B. 
As  the  illustration  shows,  the  spiral  head  spindle  is  set  in  a  vertical 
position.  This  is  done  by  loosening  the  clamp  bolts  C  and  turning 
the  head  90  degrees,  as  shown  by  the  graduations  on  the  front  side. 
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FUr.  82.    Straddle  Milling  a  Square  Bole-head 

These  clamp  bolts  should  be  tightened  after  the  adjustment  is  made. 
The  bolt  is  held  in  a  three-jawed  chuck  and  the  body  of  the  bolt  ex- 
tends into  the  hollow  spindle  of  the  spiral  head.  The  square  bolt 
head  is  machined  to  the  required  width  by  a  straddle  mill.  One 
passage  of  this  mill  finishes  two  sides  and  then  the  spiral  head 
spindle  is  indexed  %  of  a  turn  for  milling  the  remaining  sides. 
This  indexing  is  done  by  using  plate  A  which  is  attached  directly 
.to  the  spindle.  The  latch-pin  engaging  this  plate  is  withdrawn  by 
lever  D  and  then  the  spindle  and  chuck  are  turned  %  of  a  revolution, 
after  which  the  latch-pin  is  again  moved  into  engagement.  This 
direct  method  of  indexing  requires  little  time  and  is  used  for  simple 
operations  of  this  kind,  whenever  the  required  movement  can  be 
obtained. 
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There  is  quite  a  variety  of  work  which  is  milled  either  while  held 
in  a  chuck  or  on  some  form  of  arbor  inserted  in  the  spiral  head 
spindle.  Whether  a  chuck  or  arbor  is  used,  depends  on  the  shape  of 
the  work,  and,  in  some  instances,  on  the  nature  of  the  milling  opera- 
tion. Chucks  are  frequently  employed  for  holding  cylindrical  parts 
that  are  too  long  to  go  between  the  centers,  but  are  small  enough 
to  pass  through  the  hole  in  the  spiral  head  spindle.    The  foot-stock 


Fig-.  38.    Vertical  Attachment  applied  to  a  Horizontal  Milling  Machine 

center  is  used  to  support  work  of  this  class  whenever  feasible.  When 
it  is  necessary  to  hold  a  part  true  with  a  bored  hole,  arbors  of  the 
expanding  type  are  often  used.  These  have  a  taper  shank  which 
fits  the  taper  hole  in  the  spindle,  and  the  outer  end  is  so  arranged 
that  it  can  be  expanded  tightly  into  the  hole  in  the  work.  Small 
chucks  of  the  collet  type  are  sometimes  used  for  holding  small  parts, 
instead  of  a  jaw  chuck. 
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ATTACHMENTS  FOB  THE  MILLING  MACHINE 

The  range  of  a  milling  machine  or  the  variety  of  work  it  is  capable 
of  doing,  can  be  greatly  extended  by  the  use  of  special  attachments. 
Many  of  these  are  designed  to  enable  a  certain  type  of  milling  ma- 
chine to  perform  operations  that  ordinarily  would  be  done  on  a 
different  machine;  in  other  words,  the  attachment  temporarily  con- 
verts one  type  of  machine  into  another.     There  are  quite  a  number 


Flff.  84.    Slotting  Attachment  applied  to  a  Milling  Machine 

of  different  attachments  for  the  milling  machine,  some  of  which  are 
rarely  used  in  the  average  shop.  There  are,  however,  three  types 
that  are  quite  common;  namely,  the  vertical  spindle  milling  attach- 
ment; the  slotting  attachment;  and  the  circular  milling  and  dividing 
attachment. 

Vertical  Milling1  Attachment 

The  way  a  vertical  spindle  milling  attachment  is  applied  to  a 
horizontal  milling  machine  is  shown  in  Fig.  33.  The  base  of  the 
attachment  is  securely  clamped  to  the  column  of  the  machine  by  four 
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bolts  and  the  outer  end  is  inserted  in  the  regular  arbor  support  The 
spindle  is  driven  through  bevel  gears  connecting  with  a  horizontal 
shaft  inserted  in  the  main  spindle  of  the  machine.  The  spindle  of 
this  particular  attachment  can  be  set  at  any  angle  in  a  vertical  or 
horizontal  plane,  and  its  position  is  shown  by  graduations  reading  to 
degrees.  For  the  operation  illustrated,  which  is  that  of  milling  the 
edge  of  the  steel  block  shown,  the  spindle  is  set  at  an  angle  of  45 
degrees  from  the  vertical.  The  block  is  held  in  an  ordinary  vise  and 
it  is  fed  past  the  cutter  by  using  the  cross  feed.    The  opposite  edge 
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Flir.  86.    Blotting  Attachment  finishing  Square  Hole  in  Long  Rod 
held  In  Spiral  Head 

is  milled  by  simply  swinging  the  spindle  45  degrees  to  the  right  of 
the  vertical.  Vertical  attachments  are  used  in  connection  with  hori- 
zontal machines  whenever  it  is  desirable  to  have  the  cutter  in  a 
vertical  or  angular  position.  There  are  several  different  types  designed 
for  different  classes  of  work.  The  style  shown  in  the  illustration  is 
referred  to  as  a  universal  attachment  because  of  its  two-way  adjust- 
ment, and  it  can  be  used  for  a  variety  of  purposes,  such  as  drilling, 
milling  angular  slots  or  surfaces,  cutting  racks,  milling  keyseats,  etc. 

Slotting  Attachment 

The  slotting  attachment,  as  its  name  implies,  is  used  for  convert- 
ing a  milling  machine  into  a  slotter.  The  base  B  is  clamped  to  the 
column  of  the  machine  as  shown  in  Fig.  34.     The  tool  slide  S,  which 
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has  a  reciprocating  movement  like  the  ram  of  a  Blotter,  is  driven 
from  the  main  spindle  of  the  machine  by  an  adjustable  crank  which 
enables  the  stroke  to  be  varied.  The  tool  slide  can  be  set  in  any 
position  from  the  vertical  to  the  horizontal,  in  either  direction,  the 
angle  being  indicated  by  graduations  on  the  base.  When  the  attach- 
ment is  in  use,  a  slotting  tool  of  the  required  shape  is  clamped  to 
the  end  of  the  slide  by  the  bolt  shown,  and  it  is  prevented  from 
being  pushed  upward  by  a  stop  that  is  swung  over  the  top  of  the 
tool  shank.  Fig.  34  shows  the  attachment  slotting  a  rectangular  open- 
ing in  a  screw  machine  tool  which  is  held  in  the  vise.    As  this  open- 


Flff.  86.    Combined  use  of  Vertical  and  Circular  Milling  Attachments 

ing  must  be  at  an  angle,  the  tool  slide  is  inclined  to  the  vertical, 
as  shown.  A  previously  drilled  hole  forms  a  starting  place  for  the 
slotting  tool. 

Fig.  35  shows  another  application  of  the  slotting  attachment.  The 
operation  in  this  case  is  that  of  cutting  a  square  hole  in  the  end  of 
a  rod.  As  this  rod  is  too  long  to  be  placed  in  a  vertical  position, 
it  is  inserted  through  the  hollow  spindle  of  the  spiral  head  and  is 
held  in  a  three-jaw  chuck  as  shown.  The  slotting  attachment  is 
swung  around  to  the  horizontal  position,  and  after  one  side  of  the 
opening  is  finished,  the  rod  is  indexed  %  of  a  turn  by  using  the 
direct  indexing  plate  attached  to  the  spindle  back  of  the  chuck. 

Circular  Milling  Attachment 
A  circular   milling  attachment  is  shown   in   tflg.   36.     It  is   bolted 
to  the  machine  and  has  a  round   table  A  which  can  be  rotated  for 

Digitized  by  CjOOQIC 


44  No.  96— MACHINE  TOOL  OPERATION 

milling  circular  parts.  This  attachment  is  generally  used  in  connec- 
tion with  the  vertical  spindle  attachment,  as  shown  in  this  illustra- 
tion. The  operation  is  that  of  milling  a  segment-shaped  end  on  a 
small  casting  B.  The  bored  hub  of  this  casting  is  placed  over  a 
bushing  in  the  center  of  the  table,  and  is  held  by  a  clamp.  The 
top  or  flat  surface  of  the  outer  end  is  first  milled,  and  then  the  table 
is  raised  for  finishing  the  circular  part  as  shown.  The  table  of  the 
attachment  is  given  a  circular  feeding  movement  by  turning  hand- 
wheel  H.  Incidentally  this  view  shows  another  type  of  vertical  at- 
tachment which  differs  from  the  one  illustrated  in  Fig.  33  in  that  it 
can  only  be  adjusted  at  right-angles  to  the  axis  of  the  spindle.  This 
type  is  designed  for  comparatively  heavy  vertical  milling  operations. 


CHAPITER  Vin 

GASHING  AND  HOBBING  A  WORM-WHEEL 
IN  A  MILLING  MACHINE 

The  universal  milling  machine  is  sometimes  used  for  cutting  the 
teeth  in  worm-wheels,  although  when  there  is  much  of  this  work  to  be 
done,  regular  gear-cutting  machines  are  generally  used.  The  worm 
itself  should  be  finished  first,  as  it  can  be  used  advantageously  for  test- 
ing the  center  distance  when  hobbing  the  worm-wheel.  We  shall  assume 
that  the  worm  has  been  made,  and  that  the  wheel  blank  has  been 
turned  to  the  required  size. 

The  teeth  of  the  worm-wheel  are  formed  by  two  operations,  which 
are  illustrated  in  Figs.  37  and  38.  First  it  is  necessary  to  gash  the 
blank  and  then  the-  te$h  are  finished  by  hobbing.  Gashing  consists  in 
cutting  teeth  around  the  periphery  of  the  blank,  which  are  approxi- 
mately the  shape  of  the  finished  teeth.  This  is  done,  preferably,  by  the 
use  of  an  involute  gear  cutter  of  a  number  and  pitch  corresponding  to 
the  number  and  pitch  of  the  teeth  in  the  wheel.  If  a  gear  cutter  is 
not  available,  a  plain  milling  cutter,  the  thickness  of  which  should  not 
exceed  three-tenths  of  the  circular  pitch,  may  be  used.  The  corners  of 
the  teeth  of  the  cutter  should  be  rounded,  as  otherwise  the  fillets  of 
the  finished  teeth  will  be  partly  removed. 

As  the  worm  which  meshes  with  and  drives  the  worm-wheel  is 
simply  a  short  screw,  it  will  be  apparent  that  if  the  axes  of  the  worm- 
wheel  and  worm  are  to  be  at  right  angles  to  each  other,  the  teeth  of  the 
wheel  must  be  cut  at  an  angle  to  its  axis,  in  order  to  mesh  with  the 
threads  of  the  worm.  The  method  of  setting  the  work  and  obtaining 
this  angle    will  first  be  considered. 

After  the  dividing  head  and  tailstock  have  been  clamped  to  the  table 
and  the  cutter  has  been  fastened  on  its  arbor,  the  table  is  adjusted  until 
the  centers  of  the  dividing  head  and  the  center  of  the  cutter  lie  in  the 
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same  vertical  plane.  If  the  cutter  used  has  a  center-line  around  its 
periphery,  the  table  can  be  set  by  raising  it  high  enough  to  bring  the 
index  head  center  in  line  with  the  cutter;  the  table  can  then  be  ad- 
justed laterally  until  the  center  coincides  with  the  center-line  on  the 
cutter.  When  the  table  is  set,  it  should  be  clamped  to  the  knee  slide. 
The  blank  to  be  gashed  is  pressed  on  a  true-running  arbor  which  is 
mounted  between  the  centers  of  the  dividing  head  and  tailstock  as  illus- 


Fiff.  87.    Gashing  a  Worm-wheel  in  a  Universal  Milling  Machine 

trated  in  Fig.  37,  and  the  driving  dog  is  secured,  to  prevent  any  vibra- 
tion of  the  work.  The  table  is  next  moved  longitudinally  until  a  point 
midway  between  the  sides  of  the  blank  is  directly  beneath  the  center 
of  the  cutter  arbor.  To  set  the  blank  in  this  position,  place  a  square 
blade  or  straightedge  against  it  first  on  one  side  and  then  on  the 
other  and  adjust  the  table  longitudinally  until  the  distances  between 
the  blade  and  arbor  are  the  same  on  both  sides. 

Angular  Position  of  Table  for  Gashing 

The  table  should  now  be  set  to  the  proper  angle  for  gashing  the 
teeth.  This  angle,  if  not  given  on  the  drawing,  may  be  determined 
either  graphically  or  by  calculation.    The  first  method  is  illustrated  in 
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Fig.  39.  Some  smooth  surface  should  be  selected,  having  a  Straight 
edge  as  at  A.  A  line  having  a  length  B  equal  to  the  lead  of  the  worm 
thread,  is  drawn  at  right  angles  to  the  edge  A,  and  a  distance  C  is  laid 
off  equal  to  the  circumference  of  the  pitch  circle  of  the  worm.  If  the 
diameter  of  the  pitch  circle  is  not  given  on  the  drawing,  it  may  be 


Fig-.  38.    Hobblng  the  Teeth  of  a  Worm-wheel 

found  by  subtracting  twice  the  addendum  of  the  teeth  from  the  outside 
diameter  of  the  worm.  The  addendum  equals  the  linear  pitch  X  0.3183. 
The  angle  x  is  next  measured  with  a  protractor,  as  shown  in  the  illus- 
tration. The  table  of  the  machine  is  then  swiveled  to  a  corresponding 
angle,  as  shown  by  the  graduations  provided  on  all  universal  milling 
machines.  If  the  front  of  the  table  is  represented  by  the  edge  A.  and 
the  worm  has  a  right-hand  thread,  the  table  should  be  swiveled  as  indi- 
cated by  the  line  ab,  whereas  if  the  worm  has  a  left-hand  thread,  the 
table  should  be  turned  in  an  opposite  direction. 

The  angle  that  the  teeth  of  the  worm-wheel  make  with  Its  axis,  or 
the  angle  to  which  the  table  is  to  be  swiveled,  may  also  be  found  by 
dividing  the  lead  of  the  worm  thread  by  the  circumference  of  the  pitch 
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circle;   the  quotient  will  equal  the  tangent  of  the  desired  angle.    This 
angle  is  then  found  by  referring  to  a  table  of  natural  tangents. 

Milling"  the  Gashes  in  a  Worm-wheel 

When  the  table  is  set  and  clamped  in  place,  as  many  gashes  are  cut 
in  the  periphery  of  the  wheel  as  there  are  to  be  teeth.  If  the  diameter 
of  the  cutter  is  no  larger  than  the  diameter  of  the  hob  to  be  used,  the 
depth  of  the  gashes  should  be  slightly  less  than  the  whole  depth  of  the 
tooth.  This  whole  depth  may  be  found  by  multiplying  the  linear  pitch 
by  0.6S66.  Before  starting  a  cut,  bring  the  cutter  into  contact  with  the* 
wheel  blank,  set  the  dial  on  the  elevating  screw  at  zero,  and  sink  the 
cutter  to  the  proper  depth  as  indicated  by  the  dial.  The  blank  is  then 
lowered  to  clear  the  cutter  and  indexed  for  gashing  the  next  tooth. 
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Fiff.  89.    Method  of  obtaining  Helix  Angle  of  Worm 

When  the  cutter  is  larger  than  the  hob,  the  whole  depth  of  tooth  should 
be  laid  off  on  the  side  of  the  blank,  and  a  gash  cut  in  to  this  line.  The 
depth  as  indicated  on  the  dial  should  then  be  noted  and  all  the  gashes 
cut  to  a  corresponding  depth. 

Hobblng-  the  Teeth  of  a  Worm-wheel 
When  the  gashing  is  finished,  the  table  is  set  at  right  angles  with 
the  spindle  of  the  machine,  and  the  cutter  is  replaced  with  a  hob,  as 
shown  in  Fig.  38.  The  latter  is  practically  a  milling  cutter  shaped  like 
the  worm  with  which  the  wheel  is  to  mesh,  except  that  the  thread  on 
the  hob  has  several  lengthwise  flutes  or  gashes  to  form  cutting  edges. 
The  outside  diameter  of  the  hob  and  the  diameter  at  the  bottom  of  the 
teeth,  are  slightly  greater  than  the  corresponding  dimensions  of  the 
worm,  to  provide  clearance  between  the  worm  and  worm-wheel.  Before 
hobbing,  the  dog  is  removed  from  the  arbor  to  permit  the  latter  to  turn 
freely  on  its  centers.  The  hob  is  then  placed  in  mesh  with  the  gashed 
blank,  and  the  teeth  of  the  worm-wheel  are  finished  by  revolving  the 
blank  and  hob  together.  As  the  two  rotate,  the  blank  is  gradually 
raised  until  the  body  of  the  hob  between  the  teeth  just  grazes  the 
throat  of  the  blank.  The  latter  is  then  allowed  to  make  a  few  revolu- 
tions to  insure  well-formed  teeth. 

If  the  center-to-center  distance  between  the  worm  and  worm-wheel 
must  be  accurate,  this  dimension  can  be  tested  by  placing  the  finished 


Digitized  by 


Google 


48  No.  96-MACHINE  TOOL  OPERATION 

worm  in  mesh  with  the  wheel  (after  the  latter  has  been  nobbed),  and 
measuring  the  center  distance  directly.  The  worm  is  placed  on  top  of 
the  wheel,  after  removing  the  chips  from  the  teeth,  and  it  is  turned 
along  until  its  axis  is  parallel  with  the  top  of  the  table.  It  can  be  set 
in  this  position  by  testing  the  threads  at  each  end  with  a  surface  gage. 
The  distance  from  the  top  of  the  worm  to  the  top  of  the  arbor  is  then 
measured,  and  the  difference  between  the  radii  of  the  arbor  and  worm 
is  either  added  to  or  subtracted  from  this  dimension,  to  obtain  the 
center-to-center  distance. 

If  the  worm  is  accurately  made  and  the  worm-wheel  blank  of  the 
correct  size,  this  center  distance  should  be  very  close  to  the  dimension 
required.  If  necessary,  the  hob  may  be  again  engaged  with  the  wheel 
and  another  light  cut  taken.  When  testing  the  center  distance,  as  ex- 
plained in  the  foregoing,  it  is  better  to  lower  the  knee  sufficiently  to 
make  room  for  the  worm  beneath  the  hob,  and  not  disturb  the  longi- 
tudinal setting  of  the  table.  The  relation  between  the  wheel  and  hob 
will  then  be  maintained,  which  is  desirable  in  case  it  is  necessary  to 
re-hob  the  wheel  to  reduce  the  center  distance. 

The  center-to-center  distance  can  also  be  measured  with  a  fair  degree 
of  accuracy  (when  using  the  machine  in  Figs.  37  and  38)  at  the  time 
the  wheel  is  being  hobbed.  This  is  done  by  elevating  the  knee  and 
blank  until  the  distance  from  the  top  of  the  column  knee-slide  to  the 
line  on  the  column  marked  center,  equals  the  required  center-to-center 
distance.  When  the  knee  coincides  with  this  line,  the  index  centers 
are  at  the  same  height  as  the  spindle;  hence  the  position  of  the  knee 
with  relation  to  this  mark,  shows  the  distance  betweeen  the  centers 
of  the  arbor  on  which  the  worm-wheel  is  mounted,  and  the  hob. 

When  worm-wheels  are  cut  in  machines  especially  designed  for  this 
purpose,  the  wheel  blanks,  instead  of  being  mounted  on  a  free-running 
arbor,  are  driven  by  gearing  at  the  proper  speed.  This  makes  gashing 
the  blank  previous  to  hobbing  unnecessary,  as  the  change  gears  insure 
a  correct  spacing  of  the  worm-wheel  teeth. 
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CHAPTER  I 


COMPOUND  INDEXING— DIFFERENTIAL  INDEXING 

Ordinarily,  the  index  crank  of  a  spiral  head  must  be  rotated  a 
fractional  part  of  a  revolution,  when  indexing,  even  though  one  or 
more  complete  turns  are  required.  As  explained  in  Part  I  of  this 
treatise,  this  fractional  part  of  a  turn  is  measured  by  moving  the 
latch-pin  a  certain  number  of  holes  in  one  of  the  index  circles;  but 
occasionally,  none  of  the  index  plates  furnished  with  the  machine, 
has  circles  of  holes  containing  the  necessary  number  for  obtaining  a 
certain  division.  One  method  of  indexing  for  divisions  which  are 
beyond  the  range  of  those  secured  by  the  direct  method,  is  to  first 
turn  the  crank  a  definite  amount  in  the  regular  way,  and  then  the 
index  plate  itself,  in  order  to  locate  the  crank  in  the  proper  position. 
This  is  known  as  compound  indexing,  because  there  are  two  separate 
movements  which  are,  in  reality,  two  simple  indexing  operations.  The 
index  plate  is  normally  kept  from  turning,  by  a  stationary  stop-pin  at 
the  rear,  which  engages  one  of  the  index  holes,  the  same  as  the  latch- 
pin.    When  this  stop-pin  is  withdrawn,  the  index  plate  can  be  turned. 

To  illustrate  the  principle  of  the  compound  method,  suppose  the 
latch-pin  is  turned  one  hole  in  the  19-hole  circle  and  the  index  plate 
is  also  moved  one  hole  in  the  20-hole  circle  and  in  the  same  direction 
that  the  crank  is  turned.  These  combined  movements  will  cause 
the  worm  (which  engages  the  worm-wheel  on  the  spiral  head  spindle) 

1  t     1       39 

to  rotate  a  distance  equal  to  — 'H =  — of  a  revolution.    On  the  other 

19      20     380 
hand,  if  the  crank  is  moved  one  hole  in  the  19-hole  circle,  as  before, 
and  the  Index  plate  is  moved  one  hole  in  the  20-hole  circle,  but  in  the 

111 

opposite  direction,  the  rotation  of  the  worm  will  equal = 

19  20  380 
revolution.  By  the  simple  method  of  Indexing,  it  would  be  necessary 
to  use  a  circle  having  380  holes  to  obtain  these  movements,  but  by 
rotating  both  the  index  plate  and  crank  the  proper  amount,  either  in 
the  same  or  opposite  directions,  as  may  be  required,  it  is  possible  to 
secure   divisions   beyond   the   range   of   the  simple  or   direct  system. 

To  illustrate  the  use  of  the  compound  method,  suppose  69  divisions 

1 
were  required.    In  order  to  index  the  work  —  revolution,  it  is  necessary 

69 
40  40       1       40 

to  move  the  crank  —  of  a  turn    (40h-69  =  — X —  = — ),  and  this 

69  1       69       69 

would  require  a  circle  having  69  holes,  if  the  simple  method  of  indexing 
were  employed,   but   by   the   compound   system,   this   division   can   be 
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pbtained  by  using  the  23-  and  33-hole  circles,  which  are  found  on  one 
of  the  three  standard  plates  furnished  with  Brown  &  Sharpe  spiral 

1 
heads.    The  method  of  indexing  —  revolution  by  the  compound  system 

69 
is  as  follows:  The  crank  is  first  moved  to  the  right  21  holes  in  the 
23-hole  circle,  as  indicated  at  A  in  Fig.  1  and  it  is  left  in  this  position; 
then  the  stop-pin  at  the  rear,  which  engages  the  33-hole  circle  of  the 
Index  plate,  te  withdrawn,  and  the  plate  is  turned  backward,  or  to 
the  left,  11  holes  in  the  33-hole  circle.  This  rotation  of  the  plate  also 
carries  the  crank  to  the  left,  or  from  the  position  shown  by  the  dotted 
lines  at  B,  to  that  shown  by  the  full  lines,  so  that  after  turning  the 
plate  backward,  the  crank  is  moved  from  its  original  position  a  dis- 
21       11      40 

tance  x  which  is  equal  to =  —  which  is  the  fractional  part  of  a 

23       33      69 

1 
turn   the   crank   must   make,   In   order   to   index   the   work  —   of   a 

69 
revolution. 

One  rule  for  determining  what  index  circles  can  be  used  for  indexing 
by  the  compound  method,  is  as  follows:  Resolve  into  its  factors  the 
number  of  divisions  required;  then  choose  at  random  two  circles  of 
holes,  subtract  one  from  the  other,  and  factor  the  difference.  Place 
the  two  sets  of  factors  thus  obtained  above  a  horizontal  line.  Next 
factor  the  number  of  turns  of  the  crank  required  for  one  revolution 
of  the  spindle  (or  40)  and  also  the  number  of  holes  in  each  of  the 
chosen  circles.  Place  the  three  sets  of  factors  thus  obtained  below 
the  horizontal  line.  If  all  the  factors  above  the  line  can  be  cancelled 
by  those  below,  the  two  circles  chosen  will  give  the  required  number 
of  divisions;  if  not,  other  circles  are  chosen  and  another  trial  made. 
To  illustrate  this  rule  by  using  the  example  given  in  the  foregoing, 
we  have: 

69=   ?x?3 
88  —  28  =  10=   jZx? 


40=    ?X2X2X? 
88=    *Xll 
28  =  &  X  1 


As  all  the  factors  above  the  line  cancel,  we  know  that  the  index  plate 
having  23-  and  33-hole  circles  can  be  used.  The  next  thing  to  determine 
is  how  far  to  move  the  crank  and  the  index  plate.  This  is  found  by 
multiplying  together  all  the  uncancelled  factors  below  the  line;  thus: 

1 
2X2X11  =  44.     This  means  that  to  index  —  of  a  revolution,   the 

69 
crank  is  turned  forward  44  holes  in  the  23-hole  circle,  and  the  index 
plate  is  moved  backward  44  holes  in  the  33-hole  circle.    The  movement 
can  also  be  forward  44  holes  in  the  33-hole  circle  and  backward  44 
holes  in  the  23-hole  circle,  without  affecting  the  result.     The  move- 
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mentfi  obtained  by  the  foregoing  rule  are  expressed  in  compound  index- 

44       44 

ing  tables  in  the  form  of  fractions,  as  for  example:   +. .     The 

23  33 
numerators  represent  the  number  of  holes  indexed  and  the  denomina- 
tors the  circles  used,  whereas,  the  +  and  —  signs  show  that  the 
movements  of  the  crank  and  index  plate  are  opposite  in  direction. 
These  fractions  can  often  be  reduced  and  simplified  so  that  it  will  not 
be  necessary  to  move  so  many  holes,  by  adding  some  number  to  them 
algebraically.  The  number  is  chosen  by  trial,  and  its  sign  should  be 
opposite  that  of  the  fraction  to  which  it  is  added.  Suppose,  for 
example,  we  add  a  fraction  representing  one  complete  turn,  to  each 
of  the  fractions  referred  to;  we  then  have: 

44       44 

23       33 


23 

—  + 
23 

33 

33 

-f 

21 

11 

23 

33 

If  the  indexing  is  governed  by  these  simplified  fractions,  the  crank 
is  moved  forward  21  holes  in  the  23-hole  circle  and  the  plate  is  turned 
backward  11  holes  in  the  33-hole  circle,  instead  of  moving  44  holes,  as 
stated.  The  result  is  the  same  in  each  case,  but  the  smaller  move- 
ments are  desirable,  especially  for  the  index  plate,  because  it  is  easier 
to  count  11  holes  than  44  holes.  For  this  reason,  the  fractions  given 
in  index  tables  are  simplified  in  this  way.  Ordinarily,  the  number  of 
circles  to  use  and  the  required  number  of  movements  to  make  when 
indexing,  is  determined  by  referring  to  a  table  as  this  eliminates  all 
calculations,  and  lessens  the  chance  of  error. 

Sometimes  the  simple  method  of  indexing  can  be  used  to  advantage 
in  conjunction  with  the  compound  system.  For  example,  if  we  want 
to  cut  a  96-tooth  gear,  every  other  tooth  can  be  cut  first  by  using  the 
simple  method  and  indexing  for  48  teeth,  which  would  require  a  move- 
ment of  15  holes  in  an  18-hole  circle.     When  half  of  the  tooth  spaces 

1 
have  been  cut,  the  work  is  indexed  —  of  a  revolution  by  the  compound 

96 
method,  for  locating  the  cutter  midway  between  the  spaces  previously 
milled.    The  remaining  spaces  are  then  finished  by  again  indexing  for 
48  divisions  by  the  simple  system. 

Compound  indexing  should  only  be  used  when  necessary,  because  of 
the  chances  of  error,  owing  to  the  fact  that  the  holes  must  be  counted 
when  moving  the  index  plate.  As  previously  explained,  the  number  of 
holes  that  the  crank  is  turned,  is  gaged  by  a  sector.  This  counting  also 
requires  considerable  time  and,  because  of  these  disadvantages,  the 
compound  system  is  not  used  to  any  great  extent;   in  fact,  the  more 
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modern  spiral  heads  are  so  arranged  that  divisions  formerly  obtained 
by  this  system,  can  now  be  secured  in  a  more  simple  and  direct  way. 

Differential  Indexing* 

One  of  the  improved  indexing  systems,  which  is  applied  to  the  uni- 
versal milling  machines  built  by  the  Brown  &  Sharpe  Mfg.*  Co.,  is 

known  as  the  differen- 
tial method.  This  sys- 
tem is  the  same  in 
principle  as  compound 
indexing,  but  differs 
from  the  latter  in  that 
the  index  plate  is  ro- 
tated by  suitable  gear- 
ing which  connects  it 
to  the  spiral-head  spin- 
dle, as  shown  in  Figs.  2 
and  3.  This  rotation  or 
differential  motion  of 
the  index  plate  takes 
place  when  the  crank 
is  turned,  the  plate 
moving  either  in  the 
same  direction  as  the 
crank  or  opposite  to  it, 


Fig.  2.    Index  Head  geared  for  Differential 
Indexing 


as  may  be  required.  The  result  is  that  the  actual  movement  of  the  crank, 
at  every  indexing,  is  either  greater  or  less  than  its  movement  with 
relation  to  the  index 
plate.  This  method  of 
turning  the  index  plate 
by  gearing  instead  of 
by  hand,  makes  it  pos- 
sible to  obtain  any  di- 
vision liable  to  arise  in 
practice,  by  using  one 
circle  of  holes  and  sim- 
ply turning  the  index 
crank  in  one  direction, 
the  same  as  for  plain 
indexing.  As  the  hand 
movement  o#f  the  plate 
and  the  counting  of 
holes  is  eliminated,  the 
chances  of  error  are 
also   greatly   reduced. 

The       proper       sized 
gears  to  use  for  moving 
the  index  plate  the  required  amount,  would  ordinarily  be  determined  by 
referring  to  a  table  which  accompanies  the   machine.     This  table    (a 


Fifr.  S.    Index  Head  equipped  with  Compound  Gearing- 
for  Differential  Indexing 
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small  part  of  which  is  Illustrated  In  Fig.  4)  gives  all  divisions  from  1  to 
382  and  includes  both  plain  and  differential  indexing;  that  is,  it  shows 
what  divisions  can  be  obtained  by  plain  indexing,  and  also  when  it  is 
necessary  to  use  gears  and  the  differential  system.  For  example,  if  130 
divisions  are  required,  the  39-hole  Index  circle  is  used  and  the  crank  is 
moved  12  holes  (see  fourth  column  of  table)  but  no  gears  are  required. 
For  131  divisions,  a  40-tooth  gear  is  placed  on  the  worm-shaft  and  a 
28-tooth  gear  is  mounted  on  the  spindle.  These  two  gears  are  connected 
by  the  44-tooth  idler  gear,  which  serves  to  rotate  the  plate  in  the  same 
direction  as  the  crank.     To  obtain  some  divisions,  it  is  necessary  to 
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Fig".  4.    Part  of  Index  Table  for  Plain  and  Differential  Indexing 

rotate  the  plate  and  crank  in  opposite  directions,  and  then  two  idler 
gears  are  Interposed  between  the  spindle  and  wormshaft  gears. 

Fig.  2  shows  a  spiral  head  geared  for  271  divisions.  The  table  calls 
for  a  gear  C  halving  56  teeth;  a  spindle  gear  E  with  72  teeth  and 
one  idler  D.  The  sector  should  be  set  for  giving  the  crank  a  movement 
of  7  holes  in  the  49-hole  circle  or  3  holes  In  the  21-hole  circle,  either 

1 
of  which  equals  —  of  a  turn.    If  an  index  plate  having  a  49-hole  circle 

7 
happens  to  be  on  the  spindle  head,  this  would  be  used.  Now  if  the 
spindle  and  index  plate  were  not  connected  through  gearing,  280  divi- 
sions would  be  obtained  by  successively  moving  the  crank  7  holes  in 
the  49-hole  circle,  but  the  gears  E,  Df  and  C  cause  the  index  plate  to 
turn  in  the  same  direction  as  the  crank  at  such  a  rate  that  when  271 
indexings  have  been  made,  the  work  is  turned  one  complete  revolution; 
therefore,  we  have  271   divisions   instead  of   280,  the  number  being 
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reduced  because  the  total  movement  of  the  crank,  for  each  indexing, 
is  equal  to  its  movement  relative  to  the  index  plate,  plus  the  movement 
of  the  plate  itself  when  (as  in  this  case)  the  crank  and  plate  rotate  in 
the  same  direction.  If  they  were  rotated  in  opposite  directions,  the 
crank  would  have  a  total  movement  equal  to  the  amount  it  turned 
relative  to  the  plate,  minus  the  plate's  movement. 

Sometimes  it  is  necessary  to  use  compound  gearing,  in  order  to  move 
the  Index  plate  the  required  amount  for  each  turn  of  the  crank.  Fig. 
3  shows  a  spiral  head  equipped  with  compound  gearing  for  obtaining 
319  divisions.  The  gears  given  In  the  table  are  as  follows:  Gear  0 
on  the  worm,  48  teeth;  first  gear  F  placed  on  the. stud,  64  teeth;  second 
gear  G  on  the  stud,  24  teeth;  gear  E  on  the  spindle,  72  teeth;  and  one 
idler  gear  Z>,  having  24  teeth. 


Pig.  6.    Index  Plates  for  obtaining  a  Large  Number  of  Divisions 
by  Simple  Indexing 

The  following  example  is  given  to  illustrate  the  method  of  determin- 
ing the  index  movements  and  change  gears  to  use  for  differential  in- 
dexing: Suppose  59  divisions  were  required,  what  circle  of  holes  and 
gears  should   be  used?     First  assume  that  we  are  to   index  for   60 

2 
divisions  by  the  simple  method,  which  would  require  a  —  movement 

3 
2 
of  the  crank.    Now,  if  the  crank  is  indexed  —  of  a  revolution,  59  times, 

3 

2  2 

It  will  rotate  in  all,  59  X  — -  or  39  1/3  revolutions,  which  is  —  of  a 

3  3 
revolution  less  than  the  40  required  for  one  complete  revolution  of  the 
work.    Therefore,  the  index  plate  must  be  geared  so  that  it  will  move 

2 
forward  —  of  a  turn,  while  the  work  is  revolving  once.     Hence,  the 
3 

2 
ratio  of  the  gearing  must  be  —  to  1.    Gears  are  next  selected  from  those 

3 
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provided  with  the  machine,  which  will  give  this  ratio,  as  for  example, 
gears  having  32  and  48  teeth,  respectively.    The  small  gear  is  placed 

2 
on  the  spindle,  in  this  case,  because  the  index  plate  is  to  make  only  — 

3 
of  a  turn,  while  the  spindle  makes  one  complete  revolution.  One  idler 
gear  is  also   interposed   between   the  gears,   because   it   is   necessary 

2 
for  the  plate  to  gain  —  of  a  turn  with  respect  to  the  crank;  therefore, 

3 
the  movements  of  the  index  plate  and  crank  must  be  in  the  same  direc- 
tion. 

The  differential  method  cannot  be  used  for  helical  or  spiral  milling, 
because  the  spiral-head  is  then  geared  to  the  lead-screw  of  the  machine, 
as  explained  in  Chapter  III. 

High-number,  Reversible  Index  Plates 

The  dividing  heads  furnished  with  Cincinnati  milling  machines,  are 
equipped  with  comparatively  large  index  plates.  This  increase  in 
diameter  gives  room  for  more  circles  and  a  larger  number  of  holes  than 
the  smaller  plates,  and  the  range  is  further  increased  by  making  the 
plate  reversible,  each  side  having  different  series  of  holes.  Therefore, 
the  number  of  divisions  that  can  be  obtained  directly  from  one  of 
these  plates  is  greatly  increased.  The  standard  plate  regularly  supplied 
can  be  used  for  indexing  all  numbers  up  to  60;  all  even  numbers  and 
those  divisible  by  5  up  to  120,  and  many  other  divisions  between  120 
and  400.  If  it  should  be  necessary  to  index  high  numbers  not  obtain- 
able with  the  standard  plate,  a  high  number  indexing  attachment  can 
be  supplied.  This  consists  of  three  special  plates  (see  Fig.  5),  which 
have  large  numbers  of  holes  and  different  series  on  each  side.  They 
can  be  used  for  indexing  all  numbers  up  to  and  including  200;  all  even 
numbers  and  those  divisible  by  5  up  to  and  including  400.  Owing  to 
the  range  of  the  standard  plate,  the  high-number  attachment  is  only 
needed  in  rare  instances,  for  ordinary  milling  machine  work. 
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CUTTING  SPUR  GEARS  IN  A  MILLING  MACHINE 

Spur  gears  are  ordinarily  cut  in  special  gear-cutting  machines,  but 
the  milling  machine  is  often  used  in  shops  not  equipped  with  special 
machines,  or  for  cutting  gears  of  odd  sizes,  especially  when  only  a 
small  number  are  required.  Fig.  6  illustrates  how  a  small  spur  gear 
is  cut  in  the  milling  machine.  The  gear  blank  is  first  bored  and  turned 
to  the  correct  outside  diameter  and  then  it  is  mounted  on  an  arbor 
which  is  placed  between  the  centers  of  the  dividing  head.  An  arbor 
having  a  taper  shank  which  fits  the  dividing-head  spindle,  is  a  good 
form  to  use  for  gear  work.  If  an  ordinary  arbor  with  centers  in  both 
ends  is  employed,  all  play  between  the  driving  dog  and  faceplate  should 
be  taken  up  to  insure  accurate  indexing. 

Cutter  for  Spur  Gears 

The  type  of  cutter  that  is  used  for  milling  the  teeth  of  spur  gears, 
is  shown  in  Fig.  7.  This  style  of  cutter  is  manufactured  in  various  sizes 
for  gears  of  different  pitch.  The  teeth  of  these  cutters  have  the 
same  shape  or  profile  as  the  tooth  spaces  of  a  gear  of  corresponding 
pitch;  therefore,  the  cutter  to  use  depends  upon  the  pitch  of  the  gear 
to  be  cut.  The  number  of  teeth  in  the  gear  must  also  be  considered, 
because  the  shape  or  profile  of  the  teeth  of  a  small  gear  is  not  exactly 
the  same  as  that  of  the  teeth  of  a  large  gear  of  corresponding  pitch. 

The  cutters  manufactured  by  the  Brown  &  Sharpe  Mfg.  Co.  for  cutting 
gears  according  to  the  involute  system,  are  made  in  eight  different 
sizes  for  each  pitch.  These  cutters  are  numbered  from  1  to  8  and 
the  different  numbers  are  adapted  for  gears  of  the  following  sizes. 
Cutter  Xo.  1,  for  gears  having  teeth  varying  from  135  to  a  rack;  No.  2, 
gears  with  from  55  to  134  teeth;  No.  3,  from  35  to  54  teeth;  No.  4, 
from  26  to  34  teeth;  No.  5,  from  21  to  25  teeth;  No.  6,  from  17  to  20 
teeth;  No.  7,  from  14  to  16  teeth;  and  No.  8,  from  12  to  13  teeth. 

If  we  assume  that  the  diametral  pitch  of  the  gear  illustrated  in 
Fig.  6  is  12  and  the  required  number  of  teeth,  90,  a  No.  2  cutter  of  12 
diametral  pitch  would  be  used,  the  No.  2  shape  being  selected  because  it 
is  intended  for  all  gears  having  teeth  varying  from  55  to  134. 

Setting  the  Cutter  Central 
After  the  cutter  is  mounted  on  an  arbor,  it  must  be  set  over  the 
center  of  the  gear  blank,  as  otherwise  the  teeth  will  not  be  milled 
to  the  correct  form.  One  method  of  centering  the  cutter  is  illustrated 
by  the  diagram,  Fig.  8.  A  true  arbor  is  placed  between  the  dividing 
head  and  foot-stock  centers,  and  the  table  of  the  machine  is  first 
adjusted  to  locate  the  arbor  in  any  convenient  position  outside  of  and 
somewhat  below  the  cutter  as  at  A.    The  graduated  dial  of  the  cross- 
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feed  screw  is  next  set  to  zero.  The  arbor  is  then  moved  to  position  B 
and  it  is  adjusted  to  barely  touch  or  pinch  a  thin  tissue  paper  "feeler" 
/  held  between  the  arbor  and  the  corner  of  the  cutter.  The  dial  of 
the  elevating  screw  is  now  set  at  zero,  and  the  horizontal  distance  be- 
tween positions  A  and  B  should  be  noted  by  referring  to  the  cross-feed 
dial.  For  convenience,  this  will  be  called  dimension  No.  1,  as  Indicated 
by  the  illustration.  The  arbor  is  next  lowered  and  returned  to  position 
A,  horizontally,  the  vertical  position  not  being  particular.  The  arbor 
is  then  raised  until  the  elevating  screw  dial  is  again  at  zero,  after 


Fly.  6.    Cutting  the  Teeth  of  a  Spur  Gear  in  a  Universal  Milling  Machine 

which  it  is  moved  to  position  C,  or  until  it  just  touches  a  tissue  paper 
"feeler"  as  before.  The  horizontal  dimension  No.  2  is  next  noted  by 
referring  to  the  cross-feed  dial;  this  is  added  to  dimension  No.  1  and 
the  sum  is  divided  by  2  to  get  dimension  No.  3.  The  arbor  is  then 
returned  to  position  A  (as  far  as  the  horizontal  location  is  concerned) 
after  which  it  is  lowered  far  enough  to  clear  the  cutter  and  then  moved 
inward  a  distance  equal  to  dimension  No.  3,  which  is  the  central  posi- 
tion. This  operation  can  be  performed  more  quickly  than  described. 
When  making  the  adjustments,  all  dial  readings  should  be  taken  at  the 
end  of  the  inward  or  upward  movements,  to  avoid  errors  due  to  back- 
lash or  lost  motion  in  the  elevating  or  feed  screws. 

A  method  of  testing  the  location  of  a  gear  cutter,  when  considerable 
accuracy   is  required,  is  as   follows:    First  mill   a  tooth  space  in  a 
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trial  blank  having  the  same  diameter  as  the  gear  blank,  and  then, 
without  changing  the  position  of  the  cutter,  remove  the  blank  from 
the  work  arbor  and  turn  it  end  for  end.  The  blank  should  be  loose 
on  the  arbor  to  permit  feeding  it  back  so  that  the  cutter  will  enter 
the  tooth  space  previously  milled.  The  cutter  is  then  revolved  slowly  by 
hand,  in  order  to  mark  its  position  in  the  slot.  If  it  is  set  exactly 
central,  the  second  cut  will  follow  the  first,  but  if  it  is  not  central, 
some  metal  will  be  removed  from  the  top  of  the  space  on  one  side  and 
the  bottom  on  the  other.  In  order  to  center  the  cutter,  it  should  be 
moved  laterally  toward  that  side  of  the  tooth  from  which  stock  was 
milled  at  the  top.    Another  trial  cut  is  then  taken  and  the  test  repeated. 


Machinery 


Fig.  7.    Cutter  for  Mi  Ulnar  the 
Teeth  of  Spur  Gears 


Fig.  8.    Method  of  Betting-  Cutter  . 
Central  with  Arbor 


When  the  cutter  is  centrally  located,  the  saddle  should  be  clamped  to 
the  knee  to  hold  it  rigidly  in  position. 

Setting*  the  Cutter  to  Depth— Milling*  the  Teeth 

The  next  step  is  to  set  the  cutter  for  milling  tooth  spaces  of  the 
proper  depth.  If  the  outside  diameter  of  the  gear  blank  is  accurate,  this 
can  be  done  by  first  adjusting  the  blank  upward  until  the  revolving 
cutter  just  grazes  its  surface.  The  dial  of  the  elevating  screw  is  then 
set  at  zero,  after  which  the  blank  is  moved  horizontally,  to  clear  the 
cutter,  and  then  vertically  the  required  amount,  as  shown  by  the  mi- 
crometer dial.  This  vertical  adjustment  should  equal  the  total  depth  of 
the  tooth  space,  which  can  be  found  by  dividing  the  constant  2.137 
by  the  diametral  pitch  of  the  gear.    For  example,  if  the  diametral  pitch 

2.157 

Is  12,  the  depth  of  the   tooth  space  = =  0.179   inch.     After  the 

12 
blank  has  been  raised   this   amount,   the   gear  teeth  are   formed   by 
feeding  the  blank  horizontally  and  indexing  after  each  tooth  space  is 
milled.    About  one  quarter  of  the  teeth  have  been  milled  In  the  gear 
blank  shown  in  Fig.  6.     The  accuracy  of  the  gear,  assuming  that  the 
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cutter  is  properly  made,  will  depend  largely  upon  setting  the  cutter 
central  and  to  the  proper  depth.  When  the  depth  is  gaged  from  the 
outside  of  the  blank,  the  diameter  of  the  latter  should  be  accurate,  as 
otherwise  the  teeth  will  not  have  the  correct  thickness.  This  diameter 
can  be  found  by  adding  2  to  the  number  of  teeth  and  dividing  by  the 
diametral  pitch.  The  special  vernier,  gear-tooth  caliper  shown  in 
Fig.  9,  is  sometimes  used  for  testing  the  thickness  of  the  first  tooth 
milled.  This  test  is  especially  desirable  if  there  is  any  doubt  about 
the  accuracy  of  the  outside  diameter.  A  trial  cut  is  taken  at  one  side 
of  the  blank  and  then  the  work  is  indexed  for  the  next  space,  after 
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Flff.  0.    Vernier  Caliper  for  measuring1  the  Thickness  of  Oear  Tooth 
at  the  Pitch  Circle 

which  another  trial  cut  is  taken  part  way  across  the  gear.  The  vertical 
scale  of  the  caliper  is  then  set  so  that  when  it  rests  on  top  of  the 
tooth  (as  shown  in  the  illustration),  the  lower  ends  of  the  caliper 
jaws  will  be  at  the  height  of  the  pitch  line.  The  horizontal  scale  then 
shows  the  thickness  of  the  tooth  at  this  point.  The  height  from  the 
top  of  the  tooth  to  the  pitch  line  equals  the  circular  pitch  multiplied 
by  the  constant  0.3183.  The  thickness  of  the  tooth  at  the  pitch  line, 
for  any  gear,  can  be  determined  by  dividing  the  circular  pitch  by  2,  or 
the  constant  1.57  by  the  diametral  pitch.   With  a  diametral  pitch  of  12, 

1.57 
the  thickness  would  equal  =  0.131   inch.     The  two  trial  cuts  for 

12 
determining  the  tooth  thickness,  should  not  extend  across  the  blank, 
as  it  is  better  to  simply  gash  one  side;  then  if  an  adjustment  is  neces- 
sary, all  the  tooth  spaces  will  be  milled  from  the  solid;   whereas,  if 
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trial  cuts  were  taken  clear  across  the  blank,  very  little  metal  would  be 
removed  from  these  spaces  by  the  final  cut  and  the  thickness  of  the 
tooth  between  them  would  differ  somewhat  from  the  other  teeth  in 
the  gear. 

When  a  gear  tooth  is  measured  as  shown  in  Fig.  9  it  is  the  chordal 
thickness  T  (see  Fig.  9a)  that  is  obtained,  instead  of  the  thickness 
along  the  pitch  circle;  hence  when  measuring  teeth  of  coarse  pitch, 
especially  if  the  diameter  of  the  gear  is  quite  small,  dimension  T  should 
be  obtained  if  accuracy  is  required.  It  is  also  necessary  to  find  the 
height  x  of  the  arc  and  add  it  to  the  addendum  H  to  get  the  corrected 
height  Hu  in  order  to  measure  the  chordal  thickness  T  at  the  proper 
point  on  the  sides  of  the  tooth.    To  determine  dimension  T,  multiply 

the  pitch  diameter  of  the  gear  by  the  sine 
of  the  angle  a  between  the  center  and 
radial  lines  shown.  Expressing  this  as  a 
formula  we  have  T  =  D  sin  a,  in  which 
D  equals  the  pitch  diameter.  To'  find 
angle  a,  divide  90  degrees  by  the  number 
of  teeth  in  the  gear.  The  height  x  of  the 
arc  is  found  as  follows:  x  =  R  (1  —  cos 
a),  in  which  R  equals  the  pitch  radius. 
That  is,  x  equals  1  minus  the  cosine  of 
angle  a  multiplied  by  the  pitch  radius  of 
the  gear.  The  corrected  height  Hx  is 
found  by  adding  x  to  the  distance  H  from  the  top  of  the  tooth  to  the 
pitch  circle.  If  much  gear  cutting  is  done,  it  is  well  to  secure  a  table 
giving  the  chordal  thickness  T  and  the  corrected  height  Hu  for  various 
pitches  and  numbers  of  teeth. 

When  milling  the  teeth,  a  space  is  cut  by  feeding  the  blank  in 
such  a  direction  that  it  moves  against  the  rotation  of  the  cutter.  After 
a  space  is  milled,  the  cutter  is  returned  to  its  starting  point  and  the 

1 
blank  is  indexed  —  of  a  revolution  (as  the  gear  is  to  have  90  teeth) 

90 
for  milling  the  next  space.     This  operation  is  repeated  until  all  the 
teeth  are  milled. 

When  milling  gear  teeth  that  are  coarser  than  6  or  7  diametral 
pitch,  it  is  advisable  to  first  rough  mill  all  the  teeth  and  then  take 
finishing  cuts.  Special  "stocking"  cutters  are  often  used  for  rough 
milling  very  coarse  gears,  preparatory  to  finishing  by  a  regular  cutter. 
The  speed  for  cutting  gear  teeth  depends  on  the  pitch  of  the  teeth, 
the  kind  of  material  being  milled,  and  the  rigidity  of  the  work  and 
machine. 

When  the  diameter  of  a  gear  is  referred  to,  it  is  understood  to  mean 
the  pitch  diameter  or  diameter  of  the  pitch  circle,  and  not  the 
outside  diameter.  The  diametral  pitch  is  the  number  of  teeth  to 
each  inch  of  pitch  diameter,  and  the  circular  pitch  is  the  distance 
from  the  center  of  one  tooth  to  the  center  of  the  next,  measured  along 
the  pitch  line. 
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HELICAL  OR  SPIRAL  MILLING 

The  spiral  head  is  not  only  used  for  indexing  or  dividing,  but  also 
in  connection  with  the  milling  of  spiral  grooves.  When  a  spiral  is 
being  milled,  the  work  is  turned  slowly  by  the  dividing  head  as  the 
table  of  the  machine  feeds  lengthwise.  As  the  result  of  these  combined 
movements,  a  spiral  groove  is  generated  by  the  milling  cutter.  The 
principle  of  spiral  milling,  is  illustrated  by  the  diagrams  shown  in 
Fig.  10.  If  a  cylindrical  part  mounted  between  centers,  as  at  A,  is 
rotated  and,  at  the  same  time,  moved  longitudinally  at  a  constant  rate, 
past  a  revolving  cutter  c,  a  helical  or  spiral  groove  will  be  milled  as 
indicated  by  the  curved  line.  Strictly  speaking,  a  curve  generated  in 
this  way  upon  a  cylindrical  surface,  is  a  helix  and  not  a  spiral,  although 
such  curves  will  be  referred  to  as  spirals  in  this  treatise,  because  of 
the  universal  use  of  this  term  at  the  present  time. 

Evidently,  the  lead  I  or  distance  that  this  spiral  advances  in  one 
revolution,  will  depend  upon  the  ratio  between  the  speed  of  rotation 
and  the  longitudinal  feeding  movement.  If  .the  speed  of  rotation  is 
increased,  the  lead  of  the  spiral  will  be  diminished,  and  vice  versa, 
provided  the  rate  of  the  lengthwise  travel  remains  the  same.  If  the 
cylinder  traverses  a  distance  equal  to  its  length  while  making  one 
revolution,  the  dimension  I  (sketch  A)  would  equal  the  lead  of  the 
spiral  generated,  but,  if  the  speed  of  rotation  were  doubled,  the. lead  I, 
(sketch  B),  would  be  reduced  one-half  (assuming  that  the  rate  of 
lengthwise  movement  is  the  same  in  each  case),  because  the  cylinder 
would  then  make  two  revolutions  while  traversing  a  distance  equal  to 
its  length. 

Change  Gears  for  Spiral  Milliner 

The  method  of  varying  the  speed  of  rotation  on  a  milling  machine, 
for  obtaining  spirals  of  different  leads,  will  be  seen  by  referring  to 
Fig.  11  which  shows  an  end  and  side  view  of  a  spiral  head  mounted 
on  the  table  of  the  machine  and  arranged  for  spiral  milling.  The 
rotary  movement  of  the  spindle  S  and  the  work,  is  obtained  from  the 
feed-screw  L,  which  also  moves  the  table  longitudinally.  This  feed- 
screw is  connected  to  shaft  W  by  a  compound  train  of  gears;  a,  6,  c  and 
d,  and  the  movement  is  transmitted  from  shaft  W  to  the  worm-shaft 
(which  carries  the  indexing  crank)  through  the  spiral  gears  e,  /. 
and  spur  gearing  (not  shown)  which  drives  the  index  plate,  crank,  and 
worm-shaft.  When  a  spiral  is  to  be  milled,  the  work  is  usually  placed 
between  the  centers  of  the  spiral  head  and  foot  stock,  and  change 
gears  a,  6,  c  and  d  are  selected  to  rotate  the  work  at  whatever  speed 
is  needed  to  produce  a  spiral  of  the  required  lead.  The  proper  gears 
to  use  for  obtaining  a  spiral  of  given  lead,  are  ordinarily  determined 
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by  referring  to  a  table  whicb  accompanies  the  machine,  although  the 
gear  sizes  can  easily  be  calculated,  as  will  be  explained  later. 

As  an  example  of  spiral  milling,  suppose  we  have  a  cylindrical  cutter 
blank  3%  inches  in  diameter  in  which  right-hand  spiral  teeth  are  to 
be  milled,  as  indicated  in  Fig.  12,  which  shows  the  cutter  after  the  teeth 
have  been  milled.  The  blank  is  first  mounted  on  an  arbor  which  is 
placed  between  the  centers  with  a  driving  dog  attached.  The  arbor 
should  fit  tightly  into  the  hole  of  the  blank  so  that  both  will  rotate  as 
one  piece,  and  it  is  also  necessary  to  take  up  all  play  between  the  driv- 
ing dog  and  faceplate.  The  spiral  head  is  next  geared  to  the  feed- 
screw.   If  a  table  of  change  gears  is  available,  it  will  show  what  gears 


Fir.  lO.    Diagrams  Illustrating  the  Principle  of  Halioal  or  Spiral  Milling 

are  needed,  provided  the  lead  of  the  spiral  is  known.  A  small  section 
of  one  of  these  tables  is  reproduced  herewith  (see  Fig.  13)  to  illustrate 
the  arrangement.  Suppose  the  lead  given  on  the  drawing  is  48  inches; 
then  this  figure  (or  the  nearest  one  to  it)  is  found  in  the  column  headed, 
"Lead  in  Inches,"  and  the  four  numbers  to  the  right  of  and  in  line  with 
48,  indicate  the  number  of  teeth  in  the  four  gears  to  be  used.  The 
numbers  opposite  48  are  72,  24,  64  and  40,  respectively,  and  the  position 
for  each  of  these  gears  is  shown  by  the  headings  above  the  columns.  As 
72  is  in  the  column  headed  "Gear  on  Worm,"  a  gear  d  (see  also  Fig. 
11)  of  this  size  is  placed  on  shaft  W.  The  latter  is  referred  to  as 
the  "worm-shaft,"  although,  strictly  speaking,  the  worm-shaft  Wx  is  the 
one  which  carries  the  indexing  crank  and  worm.  The  first  gear  c 
placed  on  the  stud  E,  has  24  teeth,  as  shown  by  the  table,  and  the 
second  gear  6  on  the  same  stud  has  64  teeth,  whereas  gear  a  on  the 
screw  has  40  teeth. 
After  these  gears  are  placed  in  their  respective  positions,  the  first 


Digitized  by 


Google 


18 


No.  97— OPERATION  OF  MACHINE  TOOLS 


i 


Digitized  by 


Google 


HELICAL  OR  SPIRAL  MILLING  19 

and  second  gears  c  and  b  on  stud  E  are  adjusted  to  mesh  properly  with 
gears  a  and  d  by  changing  the  position  of  the  supporting  yoke  Y.  As 
a  right-hand  spiral  is  to  be  milled,  which  means  that  it  advances  by 
twisting  or  turning  to  the  right,  an  idler  gear  is  not  used  with  the 
design  of  spiral  head  shown.  When  milling  a  left-hand  spiral,  it  is 
necessary  to  insert  an  idler  gear  in  the  train  of  gears  (as  at  ;  in  Fig. 
17)  in  order  to  rotate  the  work  in  a  reverse  direction;  this  idler  has 
no  effect,  however,  on  the  ratio  of  the  gearing.  When  the  change  gears 
are  in  place,  evidently  any  longitudinal  movement  of  the  table  effected 
by  turning  feed-screw  L,  will  be  accompanied  by  a  rotary  movement  of 
the  spiral  head  spindle.  As  connection  is  made  with  the  worm-shaft  W„ 
Fig.  11,  through  the  index  plate  and  crank,  the  stop-pin  O  at  the  rear 
must  be  withdrawn  for  spiral  milling,  so  that  the  index  plate  will  be 
free  to  turn. 

Form  of  Cutter  Used  and  its  Position 

The  next  thing  to  consider  is  the  kind  of  cutter  to  use.  If  we 
assume  that  the  grooves  are  to  have  an  angle  of  60  degrees,  evidently 
the  cutter  must  have  teeth  which  conform  to  this  angle.  The  type 
used  for  forming  teeth  of  spiral  mills,  is  shown  at  A  in  Fig.  14.  The 
teeth  have  an  inclination  with  the  axis,  of  43  degrees  on  one  side 
and  12  degrees  on  the  other,  thus  giving  an  included  angle  of  60  degrees 
for  the  tooth  spaces.  This  form  of  cutter  is  used  in  preference  to  the 
single-angle  type  shown  at  B,  for  milling  spiral  teeth,  because  the 
12-degree  side  will  clear  the  radial  faces  of  the  teeth  and  produce  a 
smooth  surface.  The  single-angle  cutter  B  is  used  for  milling  grooves 
that  are  parallel  with  the  axis.  The  cutter  is  mounted  on  an  arbor, 
and  it  is  set  in  such  a  position  that  when  the  groove  is  cut  to  the 
required  depth,  the  12-degree  side  will  be  on  a  radial  line,  as  shown  by 
the  sketch;  in  other  words,  it  should  be  set  so  that  the  front  faces 
of  the  teeth  to  be  milled,  will  be  radial. 

Setting  thd  Cutter 

A  method  of  setting  a  double-angle  cutter,  for  milling  the  teeth  in 
spiral  mills,  which  is  simple  and  does  not  require  any  calculations,  is, 
as  follows:  The  pointer  of  a  surface  gage  is  first  set  to  the  height  of 
the  index  head  center  and  then  the  work  is  placed  in  the  machine.  The 
cutter  is  next  centered  with  the  blank,  laterally,  which  can  be  done  with 
a  fair  degree  of  accuracy  by  setting  the  knee  to  the  lowest  position 
at  which  the  cutter  will  just  graze  the  blank.  The  blank  is  then  ad- 
justed endwise  until  the  axis  of  the  cutter  is  in  line  with  the  end  of 
the  work,  as  shown  by  the  side  and  plan  views  at  A,  Fig.  15.  One 
method  of  locating  the  cutter  in  this  position  (after  it  has  been  set 
approximately  )i3  to  scribe  a  line  on  the  blank,  a  distance  from  the 
end  equal  to  the  radius  of  the  cutter.  The  blade  of  a  square  is  then 
set  to  this  line,  and  the  table  is  adjusted  lengthwise  until  the  cutter 
just  touches  the  edge  of  the  blade.  The  cutter  can  also  be  centered 
with  end  (after  it  is  set  laterally)  by  first  moving  the  blank  endwise 
from  beneath  the  cutter,  and  then  feeding  it  back  slowly  until  a  tissue 
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paper  "feeler"  shows  that  it  just  touches  the  corner  of  the  blank.    The 
relation  between  the  cutter  and  blank  will  then  be  as  shown  at  A. 

The  table  is  next  set  to  the  angle  of  the  spiral  (as  explained  later) 
but  its  lengthwise  position  should  not  be  changed.  The  surface  gage, 
set  as  previously  described,  is  then  used  to  scribe  lines  which  represent 
one  of  the  tooth  spaces  on  the  end  of  the  blank  where  the  cut  is  to 
start.  This  is  done  by  first  drawing  a  horizontal  line  as  at  B.  This 
line  is  then  indexed  downward  an  amount  equal  to  one  of  the  tooth 


Fig.    12.    Universal  Machine  arranged  for  Spiral  Milling1 

spaces,  and  another  horizontal  line  is  drawn  as  at  C.  The  last  line 
scribed  is  then  indexed  90  -f  12  degrees,  which  locates  it  parallel  with 
the  12-degree  side  of  the  cutter,  as  at  D.  The  work  is  then  adjusted 
laterally,  and  vertically  by  elevating  the  knee,  until  the  cutter  is  so 
located  that  the  12-degree  side  cuts  close  to  the  scribed  line,  and,  at 
the  same  time,  the  required  width  of  land  w  (see  sketch  E)  is  left 
between  the  top  edge  of  the  groove  and  the  line  representing  the  front 
face  of  the  next  tooth.  After  the  cutter  is  centered,  as  at  A,  the  longi- 
tudinal position  of  the  blank  should  not  be  changed  until  the  cutter 
is  set  as  at  E,  because  any  lengthwise  adjustment  of  the  work  would 
be  accompanied  by  a  rotary  movement  (as  the  spiral  head  is  geared  to 
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the  table  feed-screw)  and  the  position  of  the  lines  on  the  end  would 
be  changed. 

Setting  the  Table  to  Angle  of  Spiral  and  Milling  the  Grooves 
The  table  of  the  machine  must  also  be  set  to  the  same  angle  that  the 
spiral  grooves  will  make  with  the  axis  of  the  work.  This  is  done  by 
loosening  the  bolts  which  normally  hold  the  saddle  to  the  clamp-bed, 
and  swinging  the  table  around  to  the  right  position,  as  shown  by  the 
degree  graduations  on  the  base  of  the  saddle.  The  reason  for  setting 
the  work  to  this  angle  is  to  locate  the  cutter  in  line  with  the  spiral 
grooves  which  are  to  be  milled  by  it.  If  the  cutter  were  not  in  line 
with  the  spiral,  the  shape  of  the  grooves  would  not  correspond  with 
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Part  of  Table  showing  Gear  Combinations  to  use  for  obtaining 
Spirals  of  Different  Lead 


the  shape  of  the  cutter.  The  angle  to  which  the  table  should  be  set, 
or  the  spiral  angle,  varies  according  to  the  diameter  of  the  work  and 
lead  of  the  spiral.  As  the  diameter,  in  this  case,  is  3^4  inches  and  the 
lead  of  the  spiral  is  48  inches,  the  angle  is  12  degrees.  The  direction 
in  which  the  table  is  turned,  defends  upon  whether  the  spiral  is  right- 
or  left-hand.  For  a  right-hand  spiral  the  right-hand  end  of  the  table 
should  be  moved  toward  the  rear,  whereas  if  the  spiral  is  left-hand, 
the  left-hand  end  of  the  table  is  moved  toward  the  rear. 

After  the  taole  of  the  machine  is  set  to  the  required  angle  and  the 
saddle  is  clamped  in  position,  the  work  Is  ready  to  be  milled.  The 
actual  milling  of  the  spiral  grooves  is  practically  the  same  as  though 
they  were  straight  or  parallel  to  the  axis.  When  a  groove  is  milled,  it 
is  well  to  either  lower  the  table  slightly  or  turn  the  cutter  to  such  a 
position  that  the  teeth  will  not  drag  over  the  work,  when  returning  for 
another  cut,  to  prevent  scoring  or  marring  the  finished  groove.  If  the 
work-table  is  lowered,  it  is  returned  to  its  original  position  by  referring 
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to  the  dial  on  the  elevating  screw.  After  each  successive  groove  is  cut, 
the  work  is  indexed  by  turning  the  Indexing  crank  in  the  regular  way. 
This  operation  of  milling  a  groove  and  indexing,  is  repeated  until  all 
the  teeth  are  finished.  It  should  he  mentioned  that  the  differential 
method  of  indexing  cannot  he  employed  in  connection  with  spiral  work, 
because  with  this  system  of  indexing,  the  worm-shaft  of  the  spiral 
head  is  geared  to  the  spindle.  When  milling  spiral  grooves,  the  position 
of  the  cutter  with  relation  to  the  work,  should  be  such  that  the  rotary 
movement  for  producing  the  spiral,  will  be  toward  that  side  of  the  cut- 
ter which  has  the  greater  angle.  To  illustrate,  the  blank  A,  Fig.  14, 
should  turn  (as  shown  by  the  arrow)  toward  the  48-degree  side  of  the 
cutter,  as  this  tends  to  produce  a  smoother  groove. 

Calculating  Change- gears  for  Spiral  Milling 

As  was  explained  in  connection  with  Fig.  10,  the  lead  of  a  spiral  cut 
in  a  milling  machine  depends  on  the  relation  between  the  rotary  speed 


Fig.  14.    Doable-  and  Single-angle  Cutters 

of  the  work  and  its  longitudinal  movement,  and  these  relative  speeds 
are  controlled  by  the  change-gears  a,  6,  c  and  d,  Fig.  11,  which  connect 
the  table  feed-screw  L  with  shaft  W.  If  the  combination  of  change- 
gears  is  such  that  20  turns  of  screw  L  are  required  for  one  revolution 
of  spindle  8,  and  the  screw  has  four  threads  per  inch,  the  table  will 
advance  a  distance  equal  to  20  -*-  4  =  5  inches,  which  is  the  lead  of  the 
spiral  obtained  with  that  particular  gearing.  Now  the  proper  gears 
to  use  for  producing  a  spiral  of  any  given  lead,  can  easily  be  deter- 
mined if  we  know  what  lead  will  be  obtained  when  change-gears  of 
equal  diameter  are  used.  Suppose  gears  of  the  same  size  are  employed, 
so  that  feed-screw  L  and  shaft  W  rotate  at  the  same  speed;  then  the 
feed-screw  and  worm-shaft  W,  will  also  rotate  at  the  same  speed,  if 
the  gearing  which  forms  a  part  of  the  spiral  head  and  connects  shafts 
W  and  Wx  Is  in  the  ratio  of  one  to  one,  which  is  the  usual  construction. 
As  will  be  recalled,  40  turns  of  the  worm-shaft  are  required  for  each 
revolution  of  spindle  8;  therefore  with  change-gears  of  the  same  diam- 
eter, the  feed-screw  will  also  make  40  turns,  and  assuming  that  It  has 
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four  threads  per  inch,  the  table  movement  will  equal  40  -5-  4  =  10  inches. 
This  movement,  then,  of  10  inches,  equals  the  lead  of  the  spiral  that 
would  be  obtained  by  using  change-gears  of  the  same  size,  and  it  is 
known  as  the  lead  of  the  machine. 

If  we  wanted  to  mill  a  spiral  having  a  lead  of  12  inches  and  the 
lead  of  the  machine  is  10,  the  compound  ratio  of  the  gears  required 
12  lead  of  spiral 

would  be  —  or .    The  compound  ratio,  then,  may  be 

10         lead  of  machine 
represented  by  a  fraction  having  the  lead  of  the  required  spiral  as  its 
numerator  and  the  lead  of  the  machine  or  10  as  its  denominator.    In 


Tiff.  15.    Stottinff  a  Double-an*lo  Gutter  for  Milling  T«etta  of  a  Spiral  Mm 

order  to  find  what  size  gears  to  use,  this  ratio  is  revolved  into  two 
factors  as  follows: 

12       3        4 

10        2         5 

Each  factor  is  then  multiplied  by  some  number  which  will  give  a 
numerator  and  denominator  that  corresponds  to  numbers  of  teeth 
on  change-gears  furnished  with  the  machine.  Suppose  both  terms  of 
the  first  factor  are  multiplied  by  24 ;  we  would  then  have, 

3        24       72 
2        24       48 

The  second  factor  is  also  raised  to  higher  terms  in  the  same  way;  that 
Is  by  using  some  multiplier  which  will  give  a  new  fraction,  the  numer- 
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ator  and  denominator  of  which  equals  the  numbers  of  teeth  in  available 
gears.    Suppose  8  is  chosen  for  the  second  multiplier;  we  then  have, 

4  8       32 

5  8  ~~40 

72  32 

The  set  of  fractions  obtained  In  this  way,  that  is  —  and  — ,  represent 

48  40 

the  gears  to  use  for  milling  a  spiral  having  a  lead  of  12  inches.  The 
numerators  equal  the  number  of  teeth  in  the  driven  gears,  and  the 
denominators  the  number  of  teeth  in  the  driving  gears.  If  numbers 
occurred  in  either  fraction  which  did  not  correspond  with  the  number 
of  teeth  in  any  of  the  change-gears  available,  the  fraction  should  be 
multiplied  by  some  other  trial  number  until  the  desired  result  is  ob- 
tained. 

Relative  Positions  of  the  Change-gears 

When  the  gears  for  cutting  a  given  spiral  are  known,  it  remains  to 
place  them  in  the  proper  place  on  the  machine,  and  in  order  to  do  this, 
the  distinction  between  driving  and  driven  gears  should  be  understood. 
The  gear  a  (Fig.  11)  on  the  feed-screw  is  a  driver  and  gear  6,  which  is 
rotated  by  it,  is  driven.  Similarly,  gear  c  is  a  driver  and  gear  d 
is  driven.  As  the  numerators  of  the  fractions  represent  driven  gears, 
one  having  either  72  or  32  teeth  (in  this  instance)  should  be  placed 
on  shaft  W.  Then  a  driving  gear  with  either  40  or  48  teeth  is  placed 
on  stud  E  and  the  remaining  driven  gear  is  afterwards  mounted  on 
the  same  stud.  The  other  driving  gear  is  next  placed  on  the  screw  L 
and  yoke  Y  is  adjusted  until  the  gears  mesh  properly.  The  spiral  head 
will  then  be  geared  for  a  lead  of  12  inches,  the  gear  on  the  worm  having 
72  teeth,  the  first  gear  on  the  stud  having  40  teeth,  the  second  gear 
having  32  teeth,  and  the  gear  on  the  screw  having  48  teeth.  Either 
the  driving  or  driven  gears  could  be  transposed  without  changing  the 
lead  of  the  spiral.  For  example,  the  driven  gear  with  32  teeth  could 
be  placed  on  shaft  W  and  the  one  having  72  teeth  could  be  used  as  a 
second  gear  on  the  stud,  if  such  an  arrangement  were  more  convenient 
As  previously  stated,  a  reverse  or  idler  gear  is  inserted  in  the  train 
when  cutting  left-hand  spirals,  but  it  does  not  affect  the  ratio  of  the 
gearing. 

Determining'  the  Angle  of  the  Helix  or  Spiral 

When  the  change-gears  for  a  given  spiral  have  been  selected,  the 
next  step  is  to  determine  the  angle  to  which  the  table  of  the  machine 
must  be  set  in  order  to  bring  the  milling  cutter  in  line  with  the  spiral. 
This  angle  equals  the  angle  that  the  spiral  makes  with  its  axis  and  it 
depends  upon  the  lead  of  the  spiral  and  the  diameter  of  the  cylindrical 
part  to  be  milled.  The  angle  of  a  spiral  can  be  determined  graphically 
by  drawing  a  right-angle  triangle  as  shown  by  sketch  C,  Fig.  10.  If 
the  length  e  of  one  side  equals  the  circumference  of  the  cylinder  on 
which  the  spiral  is  to  be  generated,  and  the  base  L  equals  the  lead,  the 
angle  a  will  be  the  spiral  angle.    If  such  a  triangle  is  wrapped  around 
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the  cylinder,  the  hypothenuse  will  follow  a  helical  curve,  as  the  illustra- 
tion indicates. 

Another  way  of  determining  the  angle  of  a  spiral  is  <to  first  get  the 
tangent  of  the  angle  by  dividing  the  circumference  of  the  work  by  the 
lead  of  the  spiral.  When  the  tangent  U  known,  the  corresponding 
angle  is  found  by  referring  to  a  table  of  natural  tangents.  For  example, 
if  the  circumference  e  is  12  inches,  and  the  lead  L  is  48  Inches,  the 

12 
tangent  equals  —  =  0.25  and  the  angle  a  corresponding  to  this  tangent 

48 
Is  about  14  degrees.     Evidently,  if  the  circumference  is  increased  or 


Fi<r.  ie.    Milling  a  Spiral  Groove  with  an  End  Mill 

diminished,  there  will  be  a  corresponding  change  in  angle  a  provided 
the  lead  L  remains  the  same.  For  that  reason,  the  outer  circumference 
is  not  always  taken  when  calculating  the  spiral  angle.  The  angle  for 
setting  the  table  when  cutting  spiral  gears  in  a  milling  machine,  is 
determined  by  taking  the  diameter  either  at  the  pitch  circle,  or  at 
some  point  between  the  pitch  circle  and  the  bottoms  of  the  teeth,  rather 
than  the  outside  diameter,  in  order  to  secure  teeth  of  the  proper  shape. 

Cutting  Spiral  Grooves  with  an  End  Mill 

When  a  spiral  groove  having  parallel  sides  is  required  it  should  be 
cut  with  an  end  mill  as  illustrated  in  Fig.  16.  If  an  attempt  were  made 
to  mill  a  groove  of  this  kind  by  using  a  side  mill  mounted  on  an  arbor, 
the  groove  would  not  have  parallel  sides,  because  the  side  teeth  of  the 
mill  would  not  clear  the  groove;  in  other  words,  they  would  cut  away 
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the  sides  owing  to  the  rotary  movement  of  the  work  and  form  a  groove 
having  a  greater  width  at  the  top  than  at  the  bottom.  This  can  be  over- 
come, however,  by  using  an  end  mill.  The  machine  is  geared  for  the 
required  lead  of  spiral,  as  previously  explained,  and  the  work  is  adjusted 
vertically  until  its  axis  is  in  the  same  horizontal  plane  as  the  center  of 
the  end  mill.  With  the  machine  illustrated,  this  vertical  adjustment 
can  be  obtained  by  moving  the  knee  up  until  its  top  surface  coincides 


Fiff.  17.    Cutting  the  Teeth  of  a  Spiral  Gear  In  a  Universal  Milling  Machine 

with  a  line  on  the  column  marked  center ;  the  index  head  centers  will 
then  be  at  the  same  height  as  the  axis  of  the  machine  spindle. 

Cutting-  a  Spiral  Gear  in  a  Universal  Milling  Machine 
The  teeth  of  spiral  gears  are  often  cut  in  universal  milling  machines, 
as  indicated  in  Fig.  17,  although  special  gear-cutting  machines  are 
used  ordinarily  where  spiral  gears  are  constantly  being  made,  because 
the  special  machines  are  more  efficient.  As  the  teeth  of  a  spiral  gear 
are  inclined  to  the  axis  and  follow  helical  or  "spiral"  curves,  they  are 
formed  by  milling  equally-spaced  spiral  grooves  around  the  periphery 
of  the  blank,  the  number  of  the  grooves  corresponding,  of  course,  to  the 
number  of  teeth  in  the  gear.  From  this  it  will  be  seen  that  a  spiral 
gear  is  similar  to  a  multiple-threaded  screw,  except  that  the  teeth  do 
not  correspond  in  shape  to  screw  threads;  in  fact,  this  type  of  gearing 
is  sometimes  referred  to  as  screw  gearing. 
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Cutter  to  Use  for  Spiral  Gears 

Because  of  the  Inclination  of  the  teeth,  the  cutting  of  spiral  gears  Is 
quite  different  from  the  method  followed  for  spur  gears,  as  far  as  the 
arrangement  of  the  machine  and  the  selection  of  the  cutter  Is  concerned. 
The  spiral  head  must  be  connected  to  the  table  feed-screw  by  change 
gears  that  will  give  a  spiral  of  the  required  lead,  and  the  proper  cutter 
to  use  depends  upon  the  number  of  teeth  In  the  gear,  their  pitch  and 
the  spiral  angle.  Just  why  the  Inclination  of  the  teeth  to  the  axis  of 
the  gear  Is  considered  when  selecting  a  cutter  will  be  more  clearly 
understood  by  referring  to  the  diagrammatical  view  of  a  spiral  gear 
shown  In  Fig.  18.  The  circular  pitch  of  the  teeth  is  the  distance  c 
measured  along  the  pitch  circle  at  one  end  of  the  gear,  or  in  a  plane  at 
right  angles  to  the  axis. 

As  will  be  seen,  the  circular  pitch  in  the  case  of  a  spiral  gear  is  not 
the  shortest  distance  between  the  adjacent  teeth,  as  this  minimum  dis- 
tance n  is  along  a  line  at  right  angles  to  the  teeth.  Hence,  if  a  cutter 
is  used  having  a  thickness  at  the  pitch  line  equal  to  one-half  the  circular 
pitch,  as  for  spur  gearing,  the  spaces  between  the  teeth  would  be  cut 
too  wide  and  the  teeth  would  be  too  thin.  The  distance  n  is  referred 
to  as  the  normal  circular  pitch,  and  the  thickness  of  the  cutter  at  the 
pitch  line  shouid  equal  one-half  this  pitch.  Now,  the  normal  pitch 
varies  with  the  angle  of  the  spiral,  which  is  equal  to  angle  a;  conse- 
quently, the  spiral  angle  must  be  considered  when  selecting  a  cutter. 

If  a  gear  has  thirty  teeth  and  a  pitch  diameter  of  6  inches,  what  is 
sometimes  referred  to  as  the  real  diametral  pitch  is  5  (30-r-6  =  5) 
and  in  the  case  of  a  spur  gear,  a  cutter  corresponding  to  this  pitch 
would  be  used;  but  If  a  5-pitch  cutter  were  used  for  a  spiral  gear, 
the  tooth  spaces  would  be  cut  too  wide.  In  order  to  secure  teeth  of 
the  proper  shape  when  milling  spiral  gears,  it  is  necessary  to  use  a 
cutter  of  the  same  pitch  as  the  normal  diametral  pitch. 

The  normal  diametral  pitch  can  be  found  by  dividing  the  real 
diametral  pitch  by  the  cosine  of  the  spiral  angle.  To  illustrate,  if  the 
pitch  diameter  of  the  gear  shown  in  Fig.  17  is  6.718  and  there  are  38 
teeth  having  a  spiral  angle  of  45  degrees,  the  real  diametral  pitch 
equals  38 -h  6.718  =  5.656;  then  the  normal  diametral  pitch  equals 
5.656  divided  by  the  cosine  of  45  degrees,  or  5.656  -f-  0.707  =  8.  A  cutter. 
then,  of  8-dlametral  pitch  is  the  one  to  use  for  this  particular  gear. 

This  same  result  could  also  be  obtained  as  follows:  If  the  circular 
pitch  c  is  0.5554  inch,  the  normal  circular  pitch  n  can  be  found  by  mul- 
tiplying the  circular  pitch  by  the  cosine  of  the  spiral  angle.  For 
example,  0.5554  x  0.707  =  0.3927.  The  normal  diametral  pitch  is  next 
found  by  dividing  3.1416  by  the  normal  circular  pitch  To  illustrate, 
3.1416 

=8,  which  is  the  diametral  pitch  of  the  cutter. 

0.8927 

Of  course,  in  actual  practice,  it  is  not  generally  necessary  to  make 
such  calculations,  as  the  pitch  of  the  gear,  the  lead  and  angle  of  the 
spiral,  etc.,  is  given  on  the  drawing,  and  the  work  of  the  machinist  is 
confined  to  setting  up  the.  machine  and  cutting  the  gear  according  to 
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specifications.     It  is  much  easier,  however,  to  do  work  of  this  kind 
when  the  fundamental  principles  are  understood. 

As  previously  explained  in  Chap.  II,  the  proper  cutter  to  use  for 
spur  gears  depends  not  only  upon  the  pitch  of  the  teeth,  but  also  upon 
the  number  of  teeth  in  a  gear,  because  the  teeth  of  a  small  gear  do  not 
have  the  same  shape  as  those  of  a  much  larger  size  of  the  same  pitch. 
Therefore,  according  to  the  Brown  &  Sharpe  system  for  spur  gears 
having  involute  teeth,  eight  different  shapes  of  cutters  (marked  by 
numbers)  are  used  for  cutting  all  .sizes  of  gears  of  any  one  pitch, 
from  a  12-tooth  pinion  to  a  rack.    The  same  style  of  cutter  can  be  used 


Flff.  18. 


The  Circular  Pitch  of  a  Spiral  Gear  is  the  Distance  o  and 
„  the  Normal  Pitch,  Distance  n 


for  spiral  gearing,  but*  the  cutter  is  not  selected  with  reference  to  the 
actual  number  of  teeth  in  the  gear,  as  with  spur  gearing. 

By  referring  to  the  list  of  cutters  given  on  page  11,  Chapter  II,  it 
will  be  seen  that  a  No.  3  would  be  used  for  a  spur  gear  having  38  teeth. 
A  spiral  gear  with  38  teeth,  however,  might  require  a  cutter  of  some 
other  number,  because  of  the  angular  position  of  the  teeth.  If  the 
actual  number  of  teeth  in  a  spiral  gear  Is  divided  by  the  cube  of  the 
cosine  of  the  tooth  angle,  the  quotient  will  represent  the  number  of 
teeth  for  which  the  cutter  should  be  selected,  according  to  the  system 
for  spur  gears.  If  we  assume  that  a  gear  is  to  have  38  teeth  cut  at  an 
angle  of  45  degrees,  then  the  cutter  to  use  would  be  determined  as 

38 

follows:     The  cosine  of  45  degrees  is  0.7071  and  38  -r-  0.70711  = 

0.3535 

=  107.     The  list  of  cutters  previously  referred  to  calls  for  a  No.  2 
cutter  for  spur  gears  having  any  number  of  teeth  between  55  and 
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134;  hence,  that  is  the  cutter  to  use  for  a  spiral  gear  having  38  teeth 
and  a  tooth  angle  of  45  degrees.  It  will  be  understood  that  this  num- 
ber has  nothing  to  do  with  the  pitch  of  the  cutter,  which  is  determined 
as  previously  explained;  it  is  simply  that  one  of  the  eight  cutters 
(according  to  the  B.  &  S.  system)  which  is  made  for  milling  gears 
having  numbers  of  teeth  between  55  and  134. 

The  number  obtained  by  the  foregoing  rule  is  much  larger  than  the 
actual  number  of  teeth  in  the  spiral  gear.  This  Is  because  a  line  at 
right-angles  to  the  teeth,  along  which  the  normal  pitch  is  measured, 
has  a  larger  radius  of  curvature  than  the  pitch  circle  of  the  gear 
(although,  strictly  speaking,  the  term  radius  is  incorrectly  used,  as  this 
line  is  a  helix  and  not  a  circle)  and  the  curvature  increases  or  dim- 
inishes for  corresponding  changes  in  the  spiral  angle.  Therefore,  the 
number  of  teeth  for  which  the  cutter  is  selected  depends  upon  the 
angle  of  the  spiral,  as  well  as  the  actual  number  of  teeth  in  the  gear. 
As  the  angle  becomes  smaller,  the  difference  between  the  normal  and 
circular  pitches  also  diminishes  until,  In  the  case  of  spur  gears,  the 
normal  and  circular  pitches  are  equal. 

Gearing-  Machine— Position  of  Table 
The  change  gears  a,  o,  c  and  d,  Fig.  17,  connect  the  spiral  head  and 
table  feed-screw  and  rotate  the  gear  blank  as  the  table  feeds  lengthwise, 
in  order  to  produce  the  spiral  teeth.  The  relative  sizes  of  these  gears 
depend  upon  the  lead  of  the  spiral  or  the  distance  that  any  one  tooth 
would  advance  if  it  made  a  complete  turn  around  the  gear.  When 
calculating  the  sizes  of  spiral  gears,  the  diameter  and  angle  of  the 
teeth  is  usually  made  to  suit  conditions;  consequently,  the  lead  of  the 
spiral  is  sometimes  an  odd  dimension  that  cannot  be  obtained  exactly 
with  any  available  combination  of  change  gears,  although  some  com- 
bination of  the  gears  furnished  with  a  universal  milling  machine  will 
generally  give  a  lead  which  is  close  enough  for  all  practical  purposes. 
The  gear  shown  in  Fig.  17  has  left-hand  spiral  teeth.  Therefore  it  is 
necessary  to  place  an  idler  gear  /  in  the  train  of  gears  in  order  to 
reverse  the  rotation  of  the  gear  blank.  Without  this  idler,  the  rotation 
would  be  in  the  opposite  direction  and  a  right-hand  spiral  would  be 
milled. 

Before  the  teeth  of  a  spiral  gear  can  be  milled  the  table  of  the 
machine  must  be  set  to  the  spiral  angle.  This  is  done  so  that  the 
cutter  will  produce  grooves  and  teeth  of  the  proper  shape.  As  pre- 
viously explained,  the  angle  of  a  spiral  depends  upon  the  lead  L 
(see  Fig  10),  and  the  circumference  e  of  the  cylindrical  surface 
(which  may  be  either  real  or  imaginary)  around  which  the  spiral  is 
formed.  The  smaller  the  circumference,  the  smaller  the  angle  a, 
assuming  that  the  lead  L  remains  the  same.  The  angle,  then,  that  the 
teeth  of  a  spiral  gear  make  with  the  axis,  gradually  diminishes  from 
the  tops  to  the  bottoms  of  the  teeth,  and  if  it  were  possible  to  cut  a 
groove  right  down  to  the  center  or  axis,  its  angle  would  become  zero. 
Hence,  if  the  table  of  the  machine  is  set  to  the  angle  at  the  top  of  a 
tooth,  the  cutter  will  not  be  in  line  with  the  bottom  of  the  groove,  and. 
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consequent,  the  teeth  will  not  be  milled  to  the  correct  shape.  It  is  a 
common  practice  to  set  the  table  to  the  angle  at  the  pitch  line,  which 
is  nearly  halfway  between  the  top  and  bottom  of  the  tooth,  although 
some  contend  that  if  the  angle  near  the  bottom  of  the  groove  is 
taken,  teeth  of  better  shape  will  be  obtained. 

Whatever  the  practice  may  be  the  angle  is  determined  by  first  get- 
ting the  tangent  and  then  the  corresponding  angle  from  a  table  of 
tangents.     For  example,  if  the  pitch  diameter  of  the  gear  is  4.46  and 

4.46  X  3.1416 

the  lead  of  the  spiral  is  20  inches,  the  tangent  will  equal 

20 
=  0.700,  and  0.700  is  the  tangent  of  35  degrees,  which  is  the  angle  to 
which  the  table  is  set  from  the  normal  position  at  right  angles  to  the 
spindle. 

The  table  is  adjusted  by  loosening  the  bolts  which  ordinarily  hold 
it  to  the  clamp-bed  and  swiveling  it  around  until  the  35-degree  gradua- 
tion on  the  circular  base  coincides  with  the  stationary  zero  mark. 
Before  setting  the  table  to  the  spiral  angle,  the  cutter  should  be  located 
directly  over  the  center  of  the  gear  blank.  An  accurate  method  of 
centering  a  cutter  of  this  kind  was  described  in  connection  with  Fig. 
8,  Chapter  II. 

Milling  the  Bpiral  Teeth 

The  teeth  of  a  spiral  gear  are  proportioned  from  the  normal  pitch 
and  not  the  circular  pitch.  The  whole  depth  of  the  tooth,  that  is  the 
depth  of  each  cut,  can  be  found  by  dividing  the  constant  2.157  by 
the  normal  diametral  pitch  of  the  gear;  the  latter,  as  will  be  recalled, 
corresponds  to  the  pitch  of  the  cutter.  The  thickness  of  the  gear  at  the 
pitch  line  equals  1.571  divided  by  the  normal  diametral  pitch.  After 
a  cut  is  completed  the  cutter  should  be  prevented  from  dragging  over 
the  teeth  when  being  returned  for  another  cut.  This  can  be  done  by 
lowering  the  blank  slightly  or  by  stopping  the  machine  and  turning 
the  cutter  to  such  a  position  that  the  teeth  will  not  touch  the  work. 
If  the  gear  has  teeth  coarser  than  10  or  12  diametral  pitch,  it  is  well 
to  cut  twice  around;  that  is,  take  a  roughing  and  a  finishing  cut 

When  pressing  a  spiral  gear  blank  on  the  arbor,  it  should  be  remem- 
bered that  spiral  gears  are  more  likely  to  slip  when  being  cut  than 
spur  gears.  This  is  because  the  tooth  grooves  are  at  an  angle  and  the 
pressure  of  the  cut  tends  to  rotate  the  blank  on  the  arbor. 
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THE  VERTICAL  MILLING  MACHINE 

When  an  end  mill  is  driven  directly  by  inserting  it  in  the  spindle  of 
a  milling  machine  of  the  horizontal  type  it  is  often  difficult  to  do  satis- 
factory work,  especially  if  much  hand  manipulation  is  required,  because 
the  mill  operates  on  the  rear  side  where  it  cannot  readily  be  seen 
when  one  is  in  the  required  position  for  controlling  the  machine. 
Moreover,  it  is  frequently  necessary  to  clamp  the  work  against  an 
angle-plate  to  locate  it  in  a  vertical  position  or  at  right-angles  to  the 
end  mill,  when  the  latter  is  driven  by  a  horizontal  spindle.  In  order 
to  overcome  these  objectionable  features  special  vertical  milling  at- 
tachments are  used  to  convert  a  horizontal  machine  temporarily  into 
a  vertical  type.  These  vertical  attachments  are  very  useful,  especially 
when  the  shop  equipment  is  comparatively  small  and  a  horizontal 
machine  must  be  employed  for  milling  a  great  many  different  parts, 
but  where  there  is  a  great  deal  of  work  that  requires  end  milling,  it 
is  better  to  use  a  machine  having  a  vertical  spindle. 

A  vertical  milling  machine  is  shown  in  Fig.  19.  The  part  to  be 
milled  is  attached  to  table  T  and  the  cutter  is  driven  by  the  vertical 
spindle  S,  so  that  it  is  always  in  plain -view.  This  is  particularly  desir- 
able when  milling  an  irregular  outline,  or  any  part  that  requires  close 
attention. 

The  table  of  this  machine  has  longitudinal,  crosswise,  and  vertical 
movements,  all  of  which  can  be  effected  either  by  hand  or  by  the  auto- 
matic power  feeds.  The  spindle  and  the  slide  which  supports  the  lower 
end  can  also  be  fed  vertically,  within  certain  limits,  by  hand  or  power. 
It  should  be  mentioned  that  milling  machines  of  this  type  do  not 
always  have  vertical  movements  for  both  the  spindle  and  table.  In 
some  designs  the  table,  instead  of  being  carried  by  a  sliding  knee  K, 
is  mounted  on  a  fixed  part  of  the  base  which  extends  forward  beneath 
it;  whereas  other  machines  have  a  table  that  can  be  moved  vertically, 
but  a  spindle  that  remains  fixed,  as  far  as  vertical  movement  is 
concerned. 

The  particular  machine  shown  in  Fig.  19  is  driven  by  a  belt  pulley 
P,  which  transmits  power  through  gears  and  shafts  to  spindle  8.  This 
belt  pulley  is  connected  or  disconnected  with  the  driving  shaft  by 
vertical  lever  U%  which  serves  to  start  and  stop  the  machine.  The 
speed  of  the  spindle  is  varied  by  levers  A,  B,  Ct  and  D.  Levers  A  and 
B  operate  a  tumbler-gear  through  which  four  speeds  are  obtained. 
This  number  is  doubled  by  lever  C,  and  lever  D  doubles  it  again,  thus 
giving  a  total  of  sixteen  speeds.  The  direction  of  rotation  is  reversed 
by  lever  H. 

The  power  feeds  for  the  table  are  varied  by  the  levers  seen  attached 
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to  the  feed-box  F.  The  feed  motion  is  transmitted  to  a  reversing  box 
on  the  side  of  the  knee,  by  a  telescoping  shaft,  the  same  as  with  a 
horizontal  machine.  Lever  R  may  be  used  to  start,  stop  or  reverse  the 
automatic  table  feeds;  lever  V  controls  the  vertical  movement  of  the 
knee  and  table;  and  lever  N  the  cross-movement.  The  table  is  reversed 
by  lever  L  at  the  front,  the  reversing  lever  R  not  being  used  for  this 


Fig.  19.    Brown  &  Sharp©  Vertical-spindle  Milling  Machine 

purpose.  The  handwheel  O  is  for  raising  and  lowering  the  table,  and 
the  smaller  wheel  E  is  for  the  transverse  adjustment.  By  means  of 
handwheel  J  the  table  can  be  given  a  fast  or  slow  movement,  or  the 
wheel  can  be  disconnected  entirely,  a  clutch  in  the  center  of  the  hub 
being  used  to  make  these  changes.  The  handwheels  E  and  G  can  also 
be  disengaged  from  their  shafts  by  knobs  in  the  center  of  each  wheel. 
This  is  done  to  prevent  the  table  from  being  shifted  after  an  adjust- 
ment is  made,  in  case  the  workman  should  accidentally  turn  one  of 
the  wheels. 
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The  vertical  feed  for  the  spindle  head  is  also  varied  by  the  mechanism 
at  F,  the  required  motion  being  transmitted  to  the  top  of  the  machine 
by  a  chain  and  sprockets  which  drive  worm-shaft  W.  This  worm-shaft 
is  connected  with  the  upper  sprocket  through  a  clutch  controlled  by 
lever  7.  This  same  clutch  is  also  operated  by  adjustable  stops  clamped 
into  T-slots  in  the  side  of  the  spindle-head,  for  automatically  disen- 
gaging the  vertical  feed  at  any  predetermined  point.  Shaft  W  trans- 
mits the  feeding  movement  to  the  spindle,  through  worm  gearing,  and 
a  pinion  shaft  Q,  and  lever  O  engages  or  disengages  the  worm-wheel 
with  this  pinion  shaft.  When  the  worm-wheel  is  disengaged,  the 
large  handwheel  at  the  side  of  the  column  may  be  used  to  raise  or 
lower  the  spindle  rapidly,  and,  at  other  times,  the  small  hand-wheel 
at  the  front  gives  a  slow  feeding  movement. 

Circular  Milling  Attachment 
The  vertical  milling  machine  is  often  used  for  milling  circular  sur- 
faces or  slots.  In  order  to  do  this  it  is  necessary  to  impart  a  rotary 
movement  to  the  piece  being  milled.  This  is  done  by  means  of  a  circu- 
lar milling  attachment  which  is  bolted  to  the  main  table  of  the  ma- 
chine, as  shown  In  Fig.  21.  The  table  of  the  attachment  can  be 
revolved  by  handwheel  A  or  automatically.  The  power  feed  is  derived 
from  the  splined  shaft  which  drives  the  longitudinal  feed-screw  of  the 
table,  this  shaft  being  connected  by  a  chain  and  sprockets  to  shaft  B 
which  transmits  the  movement  to  the  attachment.  When  the  attach- 
ment is  in  use  the  table  feed-screw  is  disconnected  from  the  splined 
shaft,  so  that  the  feeding  movement  is  transmitted  to  the  circular 
table  only.  For  adjusting  the  longitudinal  table,  when  using  the  circu- 
lar attachment,  a  crank  is  applied  to  the  squared  end  of  the  screw  at 
the  left  end  of  the  table.  The  circular  attachment  has  automatic  stops 
for  disengaging  the  feed  at  any  point,  which  are  held  in  a  circular  T- 
slot  cut  in  the  periphery  of  the  table.  The  circumference  of  the  table 
Is  also  graduated  in  degrees,  so  that  angular  adjustments  can  be  made 
when  necessary. 

Vertical  Milling  Operations 

The  vertical  milling  machine  illustrated  in  Fig.  19  is  shown  at  work 
in  Fig.  20.  The  casting  C,  which  is  being  milled,  is  the  saddle  of  a 
milling  machine,  and  the  operation  is  that  of  finishing  the  dovetail 
ways  for  the  table.  The  ways  on  the  under  side  have  already  been 
milled  and  this  finished  part  is  placed  against  a  plate  or  fixture  F, 
having  a  slide  similar  to  the  knee  upon  which  the  saddle  will  be 
mounted  when  assembled. 

The  cutter  used  for  this  job  has  radial  end  teeth  for  milling  the 
flat  or  bottom  surfaces,  and  angular  teeth  for  finishing  the  dovetail. 
The  cutter  revolves  in  a  fixed  position,  and  the  slide  is  milled  by 
feeding  the  table  endwise  after  it  is  adjusted  to  the  proper  vertical 
and  crosswise  positions.  The  fixture  is  made  in  two  parts,  and  the  top 
section  can  be  swiveled  slightly  so  that  the  dovetail  can  be  milled 
tapering  on  one  side  for  the  gib  which  is  afterward  inserted.  The  top 
part   of  the  fixture   is   located   in   the  proper   position   when   milling 
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either  the  straight  or  taper  side,  by  a  pin  which  passes  through  the 
upper  and  lower  plates. 

Milliner  a  Circular  T-elot 
The  operation   illustrated  in  Fig.   21,  as  previously  intimated,   re- 
quires the  use  of  a  circular  attachment,  as  it  is  necessary  to  mill  a 
circular  T-slot.     The  casting  in  which  this  slot  is  being  cut,  is  the 
wheel-6tand  slide  of  a  cylindrical  grinder  and  the  slot  receives   the 


Flgr.  20.    Bxample  of  Milling  on  Vertical  Milling-  Machine 

heads  of  clamping  bolts.  As  the  T-slot  must  be  concentric  with  a 
hole  previously  bored  in  the  casting,  it  is  necessary  to  locate  this 
hole  in  the  center  of  the  circular  table.  This  is  done  by  placing  an 
arbor  in  the  central  hole  of  the  table,  having  a  bushing  which  just 
fits  the  hole  in  the  casting.  The  latter  is  held  to  the  circular  table  by 
a  clamp  and  the  bolts  shown. 

The  T-slot  is  formed  by  two  operations:  A  plain,  rectangular  slot  is 
cut  first  by  using  an  ordinary  end-mill,  and  then  the  enlarged  T-sec- 
tion  at  the  bottom  is  milled  by  a  special  T-sbt  cutter.  This  particular 
view  was  taken  after  the  T-slot  cutter  had  completed  about  one-quarter 
of   the   groove.     The   cutter  rotates  In  one  position  and  the  circular 
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groove-  Is  milled  as  the  casting  is  slowly  fed  around  by  the  circular 
attachment.  The  shape  of  the  finished  slot  is  clearly  shown  to  the 
left,  and  the  plain  rectangular  slot  cut  by  the  first  operation  is  shown 
to  the  right. 

Examples  of  End  and  Edge  Milling 

Fig.  22  shows  how  a  vertical  machine  is  used  for  milling  the  bearing 
brasses  of  an  engine  connecting-rod.     These  brasses  are   cast   with 


Fig.  21.    Mining  a  Circular  T  slot  on  a  Vertical  Machine 

flanged  sides  which  must  be  finished  to  fit  the  strap  which  holds  the 
brasses  in  position  on  the  rod.  An  end-mill  is  used  for  this  work. 
The  end  or  radial  teeth  finish  the  bottom  of  the  groove,  while  the 
cylindrical  part  of  the  mill  finishes  the  groove  to  the  required  width. 
The  brasses  are  clamped  to  a  special  box-shaped  angle-plate,  and  four 
sets  are  milled  at  one  passage  of  the  tool.  For  finishing  the  opposite 
sides,  the  milled  surfaces  are  "bedded"  on  a  cylindrical  rod  to  align 
them  with  the  table.    In  this  way  both  sides  are  finished  parallel. 

Work  of  this  kind   is   often   done  In   the  shaper,  but  these  small 
brasses  can  be  finished  more  rapidly  by  milling,  as  the  bottom  of  the 
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grooves  and  the  sides  of  the  flanges  are  milled  simultaneously,  where- 
as, with  the  shaper  it  would  be  necessary  (with  a  single-pointed  tool) 
to  cut  down  each  side  and  plane  the  horizontal  surface  at  the  bottom 
of  the  groove,  separately.  Furthermore,  it  Is  easier  to  mill  these 
brasses  to  a  uniform  size  than  to  plane  them  in  a  shaper.  When  mill- 
ing, the  width  between  the  flanges  is  governed  by  the  diameter  of  the 
cutter,  but  if  a  shaper  were  used,  this  width  would  depend  on  the 
adjustment  of  the  tool,  which  might  not  always  be  set  in  exactly  the 


Fig.  22.    Milliner  Connecting-rod  Bearing:  Brasses  on  Becker  Vertical  Machine 

same  position.  The  vertical  milling  machine  used  for  this  operation, 
is  not  the  same  as  the  one  previously  illustrated,  although  its  con- 
struction is  very  similar  and  it  is  used  for  the  same  class  of  work. 

The  vertical  milling  machine  is  often  used  for  finishing  the  edges  of 
straight  or  circular  parts,  and  irregular  shapes  can  also  be  worked 
out  by  using  the  longitudinal  and  cross  feeds  alternately,  as  may  be 
required.  Of  course,  if  an  irregular  outline  Is  to  be  followed,  the 
machine  is  fed  by  hand.  At  A,  Fig.  23,  is  shown  an  odd-shaped  steel 
forging,  the  rough  end  and  sides  of  which  are  finished  by  milling,  as 
indicated  at  B.     The  straight  sides  and  part  of  Ihe  circular  hub  are 
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first  milled  as  shown  in  this  illustration.  As  the  hole  through  the  hub 
has  already  been  bored,  this  is  used  for  locating  the  forging  in  a  cen- 
tral position,  the  bored  hub  being  placed  over  a  close-fitting  cylindrical 
piece  that  is  clamped  to  the  table  as  shown.  The  work  is  held  by  a 
bolt  and  heavy  washer  at  the  top,  and  it  is  kept  from  turning  by  a 
small  angle-plate  which  is  set  against  the  flanged  end. 
As  the  illustration  shows,  the  edge  is  finished  by  a  spirally-fluted  end- 
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Fiff.  28.    Milling  the  Bdflre  of  a  8teel  Forging 

mill.  The  table  of  the  machine  is  fed  longitudinally  for  milling  the 
straight  part,  and  then  the  circular  attachment  is  used  for  finishing 
the  circular  hub,  around  as  far  as  the  projecting  flanged  end  will  per- 
mit The  circular  end  of  the  hub  is  then  completed  (as  shown  in  Fig. 
24)  by  using  a  different  type  of  cutter  which  rounds  that  part  of  the 
hub  next  to  the  projecting  end  and  gives  a  finished  appearance  to  the 
work.  This  cutter,  which  is  called  a  "rose  mill,"  has  a  spherical  end 
that  forms  a  fillet  as  it  feeds  around. 
This  particular  forging  may  require  a  little  handwork  for  finishing 
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one  or  two  rough,  uneven  spots  left  by  milling,  but  this  is  very  slight 
at  the  most.  Without  a  milling  machine,  however,  it  would  be  neces- 
sary to  trim  up  this  part  by  hand,  and  to  make  a  neat  job  of  it  would 
require  considerable  time.  In  fact,  before  the  milling  machine  came 
into  use,  vise  or  handwork  was  done  on  a  much  more  extensive  scale 
than  at  the  present  time,  and,  incidentally,  the  amount  of  handwork 
in  connectipn  with  the  fitting  and  erecting  of  machinery,  is  gradually 


Fig-.  24.    Finishing-  a  Circular  FlUet  with  a  Rose  Milliner  Cutter 

diminishing,  owing  to  the  high  degree  of  accuracy  with  which  parts 
can  be  finished,  not  only  by  milling  but  by  modern  machines  and 
methods  generally. 

When  milling  edges  in  the  vertical  machine,  the  depth  of  the  cut 
is  sometimes  limited  by  the  spring  of  the  cutter  arbor,  although  when 
quite  wide  edges  have  to  be  milled,  the  arbor  is  sometimes  supported 
at  the  lower  end  by  a  bracket  which  is  attached  to  the  column  of  the 
machine.  This  prevents  the  cutter  from  springing  away  from  the 
work,  and  enables  fairly  heavy  cuts  to  be  taken. 
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Surface  Milling1  in  the  Vertical  Machine 

While  the  vertical  milling  machine  is  especially  adapted  for  milling 
straight  or  curved  edges  or  surfaces  of  irregular  shape,  it  is  also  very 
efficient  for  finishing  plain,  flat  surfaces  on  certain  classes  of  work. 
Frequently  the  top  of  a  casting  or  forging  and  its  sides  or  edges,  can 
be  milled  at  one  setting,  which  not  only  saves  time  but  insures  accu- 
racy.   When  a  flat,  horizontal  surface  is  milled  in  a  vertical  machine, 


Pig:.  25.    Finishing-  Top  Surface  of  a  Casting*  on  a  Cincinnati  Vertioal  Machine 

a  face  cutter  is  used,  as  shown  in  Fig.  25.  This  cutter,  which  is  over 
12  inches  in  diameter,  is  screwed  to  the  end  of  the  spindle  and  the 
flange  around  the  casting  C  is  milled  by  the  ends  of  the  inserted  teeth 
or  blades.  This  cutter  is  large  enough  to  mill  both  sides  of  the  casting 
in  one  cut.  The  over-all  dimensions  of  this  part  are  12  by  36  inches, 
and  the  width  of  the  flanges  on  each  side  is  2  inches. 

The  machine  shown  in  this  illustration  is  a  powerful,  rigid  design 
especially  adapted  for  work  of  this  kind.  It  i3  similar  in  many  re- 
spects to  the  plain  horizontal  machine  described  in  Chapter  I,  Part  I, 
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of  this  treatise,  excepting,  of  course,  the  changes  necessary  on  account 
of  the  vertical  location  of  the  spindle.  The  part  to  be  milled  is  bolted 
directly  to  the  table,  and,  before  milling  the  first  casting,  the  knee  is 
elevated,  so  that  the  spindle  slide  A  will  not  need  to  extend  much 
below  its  bearing  when  the  cutter  is  at  work.  The  spindle  and  cutter 
are  then  lowered  for  the  right  depth  of  cut  by  using  the  fine  hand-feed 
which  is  operated  by  the  small  wheel  B  at  the  right  of  the  spindle. 
After  rough  milling  the  surface  by  traversing  the  table  longitudinally, 
the  feed  is  reversed  and  a  finishing  cut  0.010  of  an  inch  deep  is  taken, 
as  the  table  feeds  in  the  opposite  direction. 


Fig*.  26.    Machine  equipped  with  Two  Work-holding1  Fixtures  so  that 
One  Casting-  can  be  chucked  while  the  Other  is  being  Milled 

The  micrometer  stop  D  which  engages  an  arm  E  bolted  to  the  side 
of  the  column,  makes  it  possible  to  set  the  cutter  to  the  same  vertical 
position,  when  milling  a  number  of  castings  of  the  same  height.  This 
same  casting  can  also  be  milled  by  using  a  smaller  cutter  which  cov- 
ers a  flange  on  one  side  only,  instead  of  the  entire  casting.  When  the 
smaller  cutter  is  employed,  it  is  made  to  follow  the  rectangular  flange 
by  using  the  longitudinal  and  cross  feeds,  alternately. 

The  example  of  vertical  face  milling  shown  in  Fig.  26  illustrates  a 
modern  method  of  chucking  castings  and  operating  the  machine,  when 
large  numbers  of  duplicate  parts  have  to  be  milled.  There  are  two 
independent  work-holding  fixtures  mounted  on  the  table,  and  the 
cutter  moves  from  one  casting  to  another.  First  a  roughing  cut  is 
taken  about  3/16  inch  deep,  with  the  table  feeding  7%  inches  per  min- 
ute. When  the  working  side  of  the  cutter  reaches  the  end  of  the  cast- 
ing, the  feed  is  reversed  and  increased  to  20  inches  per  minute  for 
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the  return  or  finishing  cut.  Meanwhile,  another  casting  is  placed  in 
the  other  fixture,  and  when  the  cutter  reaches  it,  the  feed  is  reduced 
to  7%  inches.  While  this  roughing  cut  is  being  taken,  a  new  piece  is 
chucked  in  the  other  fixture,  and  so  on,  one  casting  being  chucked 
while  the  other  Is  being  milled,  so  that  the  milling  operation  is  prac- 
tically continuous.  Of  course,  this  method  of  handling  the  work,  can- 
not be  employed  unless  it  is  possible  to  clamp  the  part  in  the  proper 
position  in  a  comparatively  short  time.  The  fixtures  shown  in  this 
illustration  are  made  like  milling  machine  vises  and  have  special  jaws 
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Flff.  27.    Another  Milling  Operation  Bmploylnff  Two  Fixtures 

with  angular  faces  which  hold  a  casting  firmly  against  the  base  of 
the  vise. 

Fig.  27  shows  a  continuous  milling  operation  similar  to  the  one 
Just  referred  to,  as  far  as  the  method  of  chucking  the  work  is  con- 
cerned. There  are  two  independent  fixtures,  as  before,  and  the  cast- 
ings are  inserted  in  each  fixture  alternately;  that  is,  one  is  being 
chucked  while  the  other  is  being  milled.  The  machine  is  fitted  with 
an  automatic  reverse,  and  the  table  travels  back  and  forth  without 
stopping.  Two  cuts  are  taken  across  each  piece;  first  a  roughing  cut 
and  then  a  finishing  cut  on  the  return  movement  of  the  table.  One  of 
the  finished  castings  is  shown  on  the  left  end  of  the  table.  The 
material  Is  malleable  iron  and  the  milled  surface  has  an  over-all 
dimension  of  6  by  7  Inches.  From  1/16  to  3/32  inch  metal  is  removed, 
and  the  table  feeds  12%  inches  per  minute. 
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Continuous  Circular  Milling' 

The  continuous  method  of  face  milling  is  also  done  in  connection 
with  a  circular  attachment.  The  parts  to  be  milled  are  held  in  a 
fixture  near  the  edge  of  the  table,  and,  as  the  latter  revolves,  one  cast- 
ing after  another  is  fed  beneath  the  revolving  cutter.  An  example  of 
continuous  circular  milling  is  shown  in  Fig.  28.  The  operation  is  that 
of  milling  sad-irons  These  are  held  in  a  fixture  having  a  capacity  for 
fourteen  castings.  The  table  makes  one  revolution  In  from  three  to 
four  minutes  when  doing  this  particular  work.    As  the  finished  cast- 
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Fig.  28.    Becker  Vertical-spindle  Machine  for  Continuous  Circular  Milling 

lngs  come  around  to  the  front  they  are  removed  and  replaced  by  rough 
ones,  without  stopping  the  machine  so  that  the  milling  operation  is 
continuous.  From  two  thousand  to  three  thousand  castings  can  be 
milled  per  day  by  this  method,  the  number  depending  on  the  kind  of 
material.  The  fixture  has  star-shaped  clamping  nuts  which  make  it 
possible  to  quickly  release  a  finished  casting  or*  clamp  a  rough  one  in 
position.  This  machine  is  not  a  regular  vertical  milling  machine  of 
the  standard  type,  but  is  especially  designed  for  continuous  circular 
milling.  The  table  is  without  cross  adjustment  but  can  be  fed  longi- 
tudinally for  straight  surface  milling.  Continuous  circular  milling  is 
also  done  on  standard  vertical  machines  by  using  the  circular  milling 
attachment,  as  previously  mentioned. 
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The  milling  machine  shown  in  Fig.  29  is  intended  especially  for 
manufacturing;  that  Is,  it  is  not  adapted  to  a  great  variety  of  milling 
operations  but  is  designed  for  machining  large  numbers  of  duplicate 
parts.    The  construction  is  very  rigid  but  comparatively  simple,  and, 


Fig.  29.    Brown  &  Sharp©  Plain  Milling  Machine  of  the  Lincoln  Type 

therefore,  this  style  of  machine  is  preferable  to  the  more  complicated 
designs  for  work  within  its  range.  Milling  machines  having  the  same 
general  construction  as  the  one  illustrated,  are  often  referred  to  as  the 
Lincoln  type.  As  will  be  noted,  the  work-table  A,  instead  of  being 
carried  by  an  adjustable  knee,  is  mounted  on  the  solid  bed  of  the  ma- 
chine and  the  outer  arbor-support  is  also  bolted  directly  to  the  bed. 
This  connection  gives  a  very  rigid  support  both  for  the  work  and  cut- 
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ter.    The  work  is  usually  held  in  a  fixture  or  vise  attached  to  the  table, 
and  the  milling  is  done  as  the  table  feeds  longitudinally. 

The  table  is  not  adjustable  vertically,  but  the  spindle-head  B  with  the 
spindle,  can  be  raised  or  lowered  as  may  be  required.  This  vertical 
adjustment  of  the  spindle-head  is  effected  by  turning  handwheel  C 
which  has  a  graduated  collar  reading  to  thousandths  of  an  inch.  After 
the  spindle  has  been  adjusted  vertically,  the  head  is  clamped  to  the 
upright  by  the  four  bolts  shown.  The  spindle  is  driven  from  a  pulley 
at  the  rear  which  transmits  the  motion  through  shafting  and  gearing. 


Fiff.  80.    Ingersoll  Horizontal  or  Planer- typ©  Milling  Machine 

A  friction  clutch  is  located  in  this  driving  pulley  and  provides  means 
for  starting  and  stopping  the  machine.  This  clutch  is  operated  by  the 
hand-lever  D. 

The  table  has  a  longitudinal  power  feed  in  either  direction,  which 
can  be  varied  to  suit  requirements.  This  power  feed  can  be  automatic- 
ally disengaged  at  any  point  by  setting  the  adjustable  stops  E  in  the 
proper  position.  The  direction  of  the  feed  can  also  be  reversed  by  oper- 
ating reverse-rod  F.  The  large  handwheel  O  can  be  used  for  adjusting 
the  table  lengthwise  or  crosswise.  Normally  this  handwheel  is  in  posi- 
tion for  traversing  the  table  lengthwise.  When  a  transverse  movement 
is  required  in  order  to  locate  the  work  with  reference  to  the  cutter, 
the  handwheel  is  pushed  inward,  which  engages  it  with  the  cross-feed 
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screw.  Before  using  the  hand  traverse,  the  worm-gearing  of  the  power 
feed  mechanism  should  be  disengaged  by  operating  lever  H.  The  varia- 
tions in  both  spindle  speeds  and  table  feeds  are  obtained,  on  this  par- 
ticular machine,  by  means  of  change  gears.  As  machines  of  this  kind 
are  frequently  used  for  a  long  time  on  one  class  of  work,  it  is  not  nec- 
essary to  make  speed  or  feed  changes  very  often. 

This  machine  has  a  maximum  longitudinal  feed  for  the  table  of  34 
inches;  a  transverse  adjustment  of  6  inches,  and  a  vertical  adjustment 
for  the  spindle  of  12  Inches.  The  variety  of  milling  that  can  be  done 
on  a  machine  of  this  type  is  small  as  compared  with  the  column-and- 
knee  machines,  but  it  is  intended  for  milling  operations  that  are  of  the 


Fiff.  81.    Milling'  the  Ways  of  a  Turret  Lathe  Bed  on  a  Horizontal  Machine 

same  general  character,  so  that  a  great  capacity  or  "range"  is  not 
needed.  The  Lincoln  type  is  used  very  effectively  in  connection  with 
the  manufacture  of  firearms,  sewing  machines,  electrical  instruments 
and  many  other  kinds  of  machinery. 

Horizontal  Milling  Machines  of  the  Planer  Type 
The  machine  illustrated  in  Fig.  30  is  designed  for  heavy  milling 
operations.  This  style  of  milling  machine  is  sometimes  referred  to  as 
a  planer  or  slab  type;  as  the  illustration  shows,  it  is  built  somewhat 
like  a  planer.  The  work-table  T  is  mounted  on  a  long  bed,  and  the 
cutter  arbor  C  is  carried  by  a  cross-rail  A  which,  in  turn,  is  attached 
to  vertical  housing^.  The  cutter  arbor  is  driven  by  gearing  at  the  left 
end,  and  it  can  be  adjusted  longitudinally  by  traversing  the  main  sad- 
dle 8  along  the  cross-rail.  The  outer  end  of  the  arbor  is  supported  by 
a  bearing  B,  and  there  is  also  an  intermediate  support.  The  work- 
table  has  an  automatic  feeding  movement  along  the  bed,  and  it  can  be 
traversed    rapidly   by   power,    in    either   direction,    when    the    position 
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needs  to  be  changed  considerably.  The  power  feed  can  he  automatic- 
ally disengaged  at  the  end  of  the  cut  by  a  tappet  which  is  shifted 
along  the  side  of  the  bed  to  the  required  position.  The  cross-rail  can 
be  raiae&or  lowered  to  locate  the  cutter  at  the  required  height,  and 


Fig.  82.    Channeling*  the  Sides  of  Locomotive  Main-rods  on  Horizontal  Machine 

it  is  counterbalanced  by  weights  attached  to  wire  ropes  that  pass  over 
the  pulleys  at  the  top  of  the  housings. 

Fig.  31  shows  how  a  horizontal  machine  of  this  kind  is  used  for 
milling  a  large  casting.  The  particular  part  illustrated  is  the  bed  of 
a  turret  lathe,  and  the  operation  is  that  of  milling  the  V-shaped  ways, 


Fig.  83.    Cutters  used  for  Channeling'  Main-rods 

the  flat  surfaces  inside  these  ways  and  the  outer  sides  or  edges.  The 
arrangement  of  the  gang  of  eight  cutters  Is  clearly  shown  by  the  illus- 
tration. The  bed  has  been  moved  away  from  the  cutters  somewhat,  in 
order  to  show  the  shape  of  the  milled  surfaces.  The  V-shaped  way3 
are  milled  by  angular  cutters  and  the  flat  inner  surfaces  by  cylindrical 
cutters,  while  the  edges  are  trued  by  large  side  mills.     This  gang  of 
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cutters  rotates  to  the  right,  as  viewed  from  the  operating  side  of  the 
machine,  and  the  table  feeds  toward  the  rear  or  against  the  cutter 
rotation. 

The  great  -advantage  of  machining  a  casting  in  this  way  is  that  all 
the  surfaces  are  milled  to  shape  at  one  passage  of  the  work.  This 
same  casting  could  be  machined  in  a  planer,  which  is  true  of  practi- 
cally all  work  done  on  large  horizontal  milling  machines,  but  whether 
a  planer  or  a  milling  machine  should  be  used  is  a  question  that  is 
often  difficult  to  decide.  The  number  of  parts  to  be  milled  and  the 
general  character  of  the  work,  must  be  considered.     To  illustrate,  it 


Fiff.  84.    InarersoU  Four-head  Milling  Machine 

might  be  possible  to  finish  a  casting  by  milling  much  more  rapidly 
than  by  planing.  It  does  not  necessarily  follow,  however,  that  milling 
will  be  more  economical  than  planing.  In  the  first  place,  milling 
cutters  are  much  more  expensive  than  the  single-pointed  planer  tools 
which  can  be  forged  to  shape  by  a  blacksmith  or  toolsmith,  and  more 
time  is  also  required  to  set  up  a  milling  machine  than  a  planer,  espe- 
cially when  a  gang  of  cutters  must  be  arranged  for  milling  several 
surfaces  simultaneously.  Hence,  if  only  a  few  parts  are  required  and 
the  necessary  milling  cutters  are  not  in  stock,  the  cost  of  the  cutters, 
and  the  time  for  arranging  the  machine,  might  much  more  than  offset 
the  time  gained  by  the  milling  process.  On  the  other  hand,  when  a 
large  number  of  duplicate  parts  are  required,  milling  Is  often  much 
more  economical  than  planing.    It  must  not  be  inferred  from  this  that 
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the  planer  should  always  be  used  for  small  quantities  of  work,  and  the 
milling  machine  when  there  is  a  large  number  of  parts,  although  the 
quantity  of  work  to  be  done,  frequently  decides  the  question.  Some- 
times planing  is  preferred  to  milling,  because  the  surface  left  by  a  plan- 
ing tool  is  more  desirable,  in  certain  cases,,  than  a  milled  surface. 

When  castings  or  forgings  are  quite  long  and  narrow,  two  parts  are 
sometimes  clamped  side  by  side  on  the  bed  and  milled  at  the  same 
time  by  separate  cutters.  Fig.  32  Illustrates  a  job  of  this  kind.  The 
two  steel  forgings  on  the  machine  are  the  main  rods  of  a  locomotive, 
the  sides  of  which  have  been  channeled  or  grooved  to  form  an  I-beam 
section.  This  lightens  the  rod  considerabbly  but  leaves  it  strong 
enough  to  resist  the  various  stresses  to  which  it  is  subjected.  This 
viow  was  taken  after  the  channels  on  one  side  were  milled.  These 
channels  are  milled  from  the  solid,  and  the  cutters  used  for  this  work 
are  shown  on  an  enlarged  scale  in  Fig.  33.  They  have  inserted  spiral 
teeth  which  incline  in  opposite  directions  to  neutralize  the  endwise 
thrust.  They  are  8%  inches  in  diameter  and  their  width  is  4^  inches, 
which  corresponds  to  the  width  of  the  channel.  When  milling,  these 
cutters  revolve  36  revolutions  per  minute,  giving  a  peripheral  speed 
of  82  feet  per  minute.  The  channel  or  groove  is  1%  inches  deep,  and 
it  is  milled  in  two  cuts,  each  having  a  depth  of  %  inch.  A  constant 
stream  of  lubricant  pours  on  each  cutter  through  the  hose  and  ver- 
tical pipes  seen  attached  to  the  cross-rail.  When  setting  up  work  for 
an  operation  of  this  kind,  it  must  be  held  securely  against  endwise 
movement,  because  the  pressure  of  such  heavy  milling  cuts  is  very 
great.  In  this  case,  the  rods  rest  against  a  heavy  steel  block  which  is 
fastened  across  the  end  of  the  table  to  resist  the  endwise  thrust  of 
the  cut. 

Multiple-head  Milling'  Machine 

Horizontal  machines  are  built  in  many  different  designs  which  are 
modified  to  suit  different  classes  of  work.  Fig.  34  shows  a  machine 
which,  instead  of  having  a  single  cutter-arbor,  is  equipped  with  four 
heads.  Two  of  these  heads  are  carried  by  the  cross-rail  and  the  other 
two  are  attached  to  the  right  and  left  housings.  The  cross-rail  heads 
have  vertical  spindles  and  the  side-heads,  horizontal  spindles,  so  that 
the  sides  and  top  surfaces  of  castings  can  be  milled  simultaneously. 
The  side-heads  can  be  adjusted  vertically  on  the  housings,  and  the 
vertical  heads  laterally  along  the  cross-rail.  This  particular  machine 
will  drive  face  mills  up  to  20  inches  In  diameter. 

Machines  of  the  same  general  design  are  also  built  with  three 
heads,  one  being  on  the  cross-rail  and  two  on  the  housings,  and  there 
are  various  other  modifications.  With  the  multiple-spindle  machines, 
the  number  of  spindles  used  at  one  time  depends,  of  course,  on  the 
nature  of  the  work.  For  some  jobs  it  is  necessary  to  use  the  hori- 
zontal spindles,  whereas  other  parts  are  milled  by  using  the  hori- 
zontal and  vertical  spindles  in  combination.  This  type  of  machine  is 
very  efficient  for  certain  kinds  of  milling. 
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CHAPTER  I 


CYLINDRICAL  GRINDING  MACHINES 

Grinding  machines  were  originally  used  almost  exclusively  for  truing 
tool  steel  parts  which  had  heen  distorted  by  hardening,  and  they  are 
still  indispensable  for  work  of  this  class.  The  great  improvements 
which  have  been  made,  both  in  grinding  machines  and  abrasive  wheels, 
however,  have  resulted  in  the  application  of  the  grinding  process  to  the 
finishing  of  a  great  many  unhardened  parts.  In  either  case,  the  work, 
as  a  rule,  is  first  reduced  to  within  a  few  thousandths  inch  of  the  re- 
quired size  by  turning  in  some  form  of  lathe,  and  then  it  is  ground  to 
the  finished  dimension.  After  a  part  has  been  hardened,  grinding  is 
the  only  practicable  method  of  truing  it.  On  the  other  hand,  unhard- 
ened pieces  can  be  finished  by  other  means,  but  grinding  is  preferable 
for  most  cylindrical  work,  because  it  enables  parts  to  be  finished  accu- 
rately to  a  given  diameter,  in  less  time  than  would  be  required  by  any 
other  known  method. 

Several  different  types  of  grinding  machines  have  been  developed  for 
handling  the  various  kinds  of  work  to  which  the  grinding  process  is 
applicable.  The  machines  used  for  grinding  cylindrical  parts  such  as 
shafts,  piston-rods,  etc.,  are  called  cylindrical  grinders  whereas  the  type 
used  for  grinding  holes  in  bushings,  gears,  milling  cutters,  etc.,  are 
known  as  internal  grinders.  There  are  also  surface  grinders  for  finish- 
ing fiat  or  plane  surfaces,  and,  in  addition,  types  that  are  specially 
designed  for  sharpening  cutters,  reamers,  etc.  As  cylindrical  grinders 
are  the  type  most  commonly  used,  they  will  be  considered  first. 

When  grinding  a  cylindrical  part  such  as  a  rod  or  shaft,  it  is  mounted 
between  the  conical  centers  of  the  grinder  (as  shown  by  the  diagrams, 
Fig.  1),  just  as  it  would  be  placed  between  the  centers  of  a  lathe  for 
turning;  in  fact,  the  same  center  holes  upon  which  the  shaft  was 
rough  turned  are  used  when  grinding.  The  work  is  rotated  rather 
slowly  upon  these  centers  c  and  c,  by  a  driving  dog  d,  which  engages 
a  pin  in  the  driver  plate  at  the  left,  and  the  surface  is  ground  cylin- 
drical by  a  disk-shaped  wheel  g.  This  wheel  rotates  rapidly  (a  14-inch 
wheel  would  run  about  1600  revolutions  per  minute),  and  the  grinding 
is  done  either  by  traversing  the  rotating  part  past  the  face  of  the  wheel 
or  by  traversing  the  wheel  along  the  work.  Some  cylindrical  grinders 
operate  in  one  way,  and  some  the  other.  The  diagram  A,  Fig.  1,  illus- 
trates the  method  of  grinding  by  traversing  the  work,  the  reciprocating 
movement  past  the  wheel  face  being  indicated  by  the  full  and  dotted 
lines  which  show  the  position  of  the  shaft  at  each  end  of  the  stroke. 
The  revolving  wheel  g  is  fed  inward  a  slight  amount  at  each  end  of 
the  work  and  the  latter  is  accurately  ground  to  the  required  diameter. 
The  wheel  can  be  fed  by  hand  or  automatically,  the  latter  method  being 
generally  employed,  except  when  adjusting  the  wheel  or  starting  a  cut. 
The  amount  that  the  shaft  moves  endwise  while  making  one  revolution, 
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is  always  somewhat  less  than  the  full  width  of  the  grinding  wheel  face 
in  order  to  secure  a  smooth  surface  free  from  ridges.  This  side 
traverse,  as  well  as  the  rotative  speed  of  the  work,  is  varied  to  suit 
conditions.  The  operation  of  a  machine  having  a  traversing  wheel  is 
shown  by  diagram  B.  In  this  case,  the  work,  instead  of  moving  back 
and  forth  past  the  wheel,  rotates  in  one  position  while  the  grinding 
wheel,  which  is  mounted  on  a  suitable  carriage,  moves  from  one  end  to 
the  other,  as  indicated  by  the  full  and  dotted  lines. 

The  grinding  wheels  are  composed  of  innumerable  grains  of  some 
hard  abrasive  material  which  is  held  together  by  an  adhesive  bond. 
These  grains  or  cutters,  as  they  might  properly  be  called,  have  sharp 


Fig.  1.    (A.)  Diagram  Illustrating  Method  of  Grinding  by  traversing  Work  past 
Face  of  Grinding  Wheel.    (B)  Grinding  by  Traversing  the  Wheel 

corners  or  edges  which  cut  away  the  metal  as  the  work  traverses  past 
the  wheel  face,  or  vice  versa.  The  relative  rotation  of  the  wheel  and 
the  part  being  ground  should  always  be  as  shown  by  the  end  view 
(diagram  £),  for  cylindrical  grinding.  As  the  arrows  indicate,  the 
grinding  side  of  the  wheel  g  moves  downward,  and  that  side  of  the 
work  w  being  ground,  moves  upward  or  in  the  opposite  direction. 

From  the  foregoing,  it  will  be  seen  that  a  cylindrical  grinding  ma- 
chine must  be  arranged  to  rotate  both  the  grinding  wheel  and  work. 
In  addition,  either  the  work  or  the  wheel  must  be  traversed  longitud- 
inally. The  wheel  must  also  be  fed  in  automatically  for  taking  suc- 
cessive cuts,  and  provision  must  be  made  for  varying  the  traversing 
movement  and  the  rotative  speed  of  the  work  to  suit  different  condi- 
tions. The  way  these  various  movements  and  adjustments  are  obtained 
with  the  type  of  cylindrical  grinder  illustrated  in  Fig.  2,  will  be  ex- 
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plained.  It  should  be  understood,  however,  that  the  mechanical  details 
vary  with  grinders  of  different  makes,  although  all  cylindrical  grinding 
machines  operate  on  the  same  general  principle. 

Cylindrical  Grinding  Machine  of  the  Universal  Type 

The  machine  shown  in  Fig.  2  operates  by  traversing  the  work  past 
the  grinding  wheel  G,  as  illustrated  by  the  diagram  A,  Fig.  1.  The 
grinding  wheel  is  revolved  by  a  belt  that  passes  over  a  pulley  at  the 
side  of  the  wheel  and  connects  with  an  overhead  countershaft.  The 
table  A,  which  moves  back  and  forth  when  the  machine  is  in  operation, 
carries  a  headstock  U  and  a  footstock  F  in  which  conical  centers  C  and 


Flff.  2.    Brown  *  Sharp©  Universal  Cylindrical  Grinding  Machine 

C,  are  inserted.  When  a  cylindrical  part  such  as  a  shaft  or  rod  is  to  be 
ground,  it  is  placed  between  these  centers  and  is  rotated  upon  them  by 
a  belt  passing  over  pulley  B  and  connecting  with  a  long  cylindrical 
drum,  which  forms  part  of  the  overhead  works  for  driving  the  ma- 
chine. This  long  drum  is  used  instead  of  a  narrow  pulley,  so  that  the 
belt  can  shift  along  as  the  table  moves  to  and  fro. 

The  power  for  moving  the  table  along  the  ways  of  the  bed  is  obtained 
from  a  belt  connecting  with  cone-pulley  D  which  transmits  motion  to 
the  table  through  suitable  shafts  and  gearing  located  Inside  the  bed. 
The  traverse  of  the  table  and  rotation  of  the  work-spindle,  can  be 
started  or  stopped  by  lever  E  to  the  left.  The  wheel  I  to  the  right  is 
used  for  moving  the  table  by  hand.  When  operating  the  table  in  this 
way,  the  knob  in  the  center  of  this  wheel  is  pushed  inward,  and  when 
the  table  is  to  be  traversed  automatically,  this  knob  is  pulled  out.    The 
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travel  of  the  table  or  the  length  of  its  stroke  Is  controlled  by  the  posi- 
tioD  of  the  adjustable  dogs  J  and  Jx  which  operate  the  reversing  lever  K. 
Lever  K  connects  with  a  clutch  inside  the  base  and  this  clutch,  through 
gearing,  reverses  the  movement  of  the  table  whenever  lever  K  is  thrown 
to  the  right  or  left.  The  length  of  the  stroke  is  changed  by  varying 
the  distance  between  dogs  J.  These  dogs  slide  upon  a  rack  attached 
to  the  front  of  the  table  and  are  held  in  position  by  a  spring-latch  that 
engages  the  rack  teeth. 

The  Automatic  Cross  Feed 
The  grinding  wheel  can  be  moved  to  or  from  the  work  by  rotating 
handwheel  L,  and  it  is  fed  inward  automatically  by  the  mechanism 
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Fig.  3.  Mechanism  which  feeds  the  Grinding  Wheel  forward  at  each  Reversal 
of  the  Work  and  automatically  disengages  the  Feed  when  a  Predetermined  Amount 
has  been  ground  away 

located  just  back  of  this  wheel.  This  mechanism  is  so  arranged  that 
It  can  be  set  to  stop  the  feed  when  the  diameter  has  been  ground  to  a 
predetermined  size.  The  way  in  which  this  automatic  feed  operates 
will  be  more  clearly  understood  by  referring  to  the  detail  drawing,  Fig. 
3.  When  the  dogs  J  strike  lever  K>  thus  reversing  the  table  movement, 
the  lever  G  is  also  actuated,  and  it  has  a  V-shaped  end  which  engages 
roll  h,  and  operates  lever  H  and  pawl  P.  If  this  pawl  is  in  mesh  with 
the  ratchet  wheel  W,  the  grinding  wheel  will  be  fed  forward  an  amount 
depending  upon  the  position  of  the  screws  F,  which  come  against  a 
surface  on  lever  (?,  thus  regulating  the  upward  movement  of  lever  H 
and,  consequently,  the  movement  of  the  pawl  at  the  end  of  each  stroke. 
The  automatic  feed  will  continue  at  each  reversal  until  the  shield  M 
(which  is  attached  to  head  N)  intercepts  pawl  P  and  prevents  it  from 
engaging  the   ratchet  wheel  W.     The  feed  then   stops   automatically. 
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The  amount  that  the  grinding  wheel  moves  inward  before  the  feed 
is  automatically  disengaged,  depends  upon  the  distance  between  the 
end  of  shield  M  and  the  tooth  of  pawl  P.  Each  time  the  table  reverses, 
this  pawl  rotates  ratchet  W  one  or  more  teeth  and  this  feeding  move- 
ment continues  until  shield  M  moves  around  and  disengages  the  pawl, 
as  previously  mentioned.  As  a  movement  of  one  tooth  represents  a 
reduction  in  the  diameter  of  the  work  of  0.00025  inch,  the  automatic 
feed  can  be  set  for  grinding  very  close  to  a  given  size  by  varying  the 
distance  between  the  disengaging  shield  and  the  pawl.  The  feed  can 
be  set  to  give  the  full  amount  at  each  end  of  the  stroke  or  any  part 
of  the  full  amount  at  either  end,  by  adjusting  the  regulating  screws  F. 
The  feed  on  this  particular  machine  can  be  varied  from  0.00025  inch  to 
0.004  inch  at  each  reversal  of  the  table.  These  feeds  seem  like  very 
small  amounts,  especially  when  compared  with  the  cuts  taken  on  turning 
or  planing  machines,  but  the  grinder  is  a  precision  machine  used  for 
producing  fine,  accurate  surfaces  and  it  is  not  adapted  to  taking  deep 
cuts.  With  a  modern  high-power  machine,  however,  metal  can  be  re- 
moved with  considerable  rapidity. 

The  automatic  cross  feed  is  a  great  advantage,  especially  when  grind- 
ing a  large  number  of  duplicate  parts,  as  it  prevents  grinding  them  too 
small,  and  makes  it  unnecessary  for  the  operator  to  be  continually 
measuring  the  diameter  of  the  work.  The  automatic  feed  is  also  de- 
sirable because  it  moves  the  wheel  inward  an  unvarying  amount  at 
each  reversal.  This  regularity  of  the  feeding  movement  increases  the 
"sizing  power'*  of  the  grinding  wheel.  In  other  words,  the  wheel  main- 
tains its  size  for  a  longer  period  and  the  wear  is  more  uniform.  Of 
course,  all  grinding  operations  are  accompanied  by  more  or  less  wheel 
wear  which  has  to  be  compensated  for  (as  will  be  described  later), 
although  the  amount  of  wear  is  surprisingly  small  when  the  wheel  and 
work  rotate  at  the  proper  speeds. 

Miscellaneous  Features* 

The  headstock  H  (Pig.  2)  is  held  to  the  table  by  bolts  which  s\ide 
in  a  T-slot,  and  the  footstock  F  is  clamped  by  the  lever  shown,  so  that 
the  distance  between  the  centers  can  be  varied  to  suit  the  length  of 
the  work.  The  spindle  and  upper  part  of  the  headstock  can  be  swiveled 
about  a  vertical  axis  for  grinding  flat  disks  or  taper  work,  and  the 
angular  position  is  shown  by  degree  graduations  on  the  circular  base. 
The  spindle  of  the  footstock  is  not  screwed  rigidly  against  the  end  of 
the  work,  as  in  the  case  of  a  lathe,  but  it  is  held  in  position  by  a  strong 
spring.  By  means  of  this  spring,  a  firm,  even  pressure  is  applied  to 
the  center,  and,  in  case  the  work  expands  from  the  heat  developed  in 
grinding,  the  center  yields  and  the  part  being  ground  is  not  distorted. 

The  usual  method  of  grinding  a  cylindrical  part  is  to  rotate  it  on 
two  "dead  centers,"  both  centers  remaining  stationary.  The  object 
of  grinding  work  while  it  revolves  on  stationary  centers  is  to  secure 
accuracy,  for  then  any  slight  error  which  may  be  in  the  spindle  bearings 
is  not  reproduced  in  the  work.  If  center  C  were  rotated  with  the  work, 
as  in  the  case  of  a  lathe,  any  eccentricity  of  the  center  would  result  in 
inaccurate  grinding.     Therefore,  when  grinding  cylindrical  parts  on 
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centers,  the  spindle  is  locked  by  a  pin  P  which  engages  a  hole  in  the 
flange  of  pulley  N.  Pulley  £,  which  rotates  freely  around  the  spindle, 
carries  a  driving  dog  and  rotates  the  work.  For  some  classes  of  grind- 
ing, as,  for  example,  when  grinding  parts  held  in  a  chuck  attached  to 
the  spindle,  it  is  necessary  to  rotate  the  spindle.  Lock-pin  P  is  then 
withdrawn  and  a  belt  from  the  overhead  driving  drum  is  connected 
with  pulley  2?. 

The  upper  part  of  the  work-table  can  be  set  at  an  angle  for  taper 
grinding.  This  upper  swiveling  table  is  normally  held  to  the  lower 
member  by  bolts  at  each  end.  When  these  are  loosened,  the  table  can 
be  turned  a  limited  extent  about  a  central  stud,  by  means  of  adjusting 


Fig.  4.    Landl*  Plain  Grinding  Machine 

screw  M.  There  are  two  sets  of  graduations  on  the  end  of  the  swivel- 
ing table,  one  reading  to  degrees  and  the  other  giving  the  taper  in 
inches  per  foot.  When  the  swivel  table  is  set  at  an  angle,  the  head- 
stock  and  footstock  centers  remain  in  line  but  are  at  an  angle  with 
the  ways  of  the  bed  or  the  line  of  motion.  For  ordinary  cylindrical 
grinding,  the  wheel-stand  slide  is  set  at  right  angles  to  the  ways.  On 
a  grinder  of  this  type,  the  wheel  slide  can  also  be  set  at  an  angle  when 
necessary  for  grinding  parts  having  a  steep  or  abrupt  taper. 

Another  feature  of  the  cylindrical  grinder  which  should  be  referred 
to  is  the  provision  made  for  supplying  cooling  water  to  the  wheel 
when  grinding.  At  the  point  where  the  wheel  is  in  contact  with  the 
work  there  is  considerable  heat  generated;  consequently  a  cooling 
medium  is  very  essential  when  grinding  parts  which  revolve  upon  the 
centers,  in  order  to  maintain  an  even  temperature.  When  water  is  not 
used,  the  part  being  ground  tends  to  bend  towards  the  wheel  owing  to 
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the  higher  degree  of  heat  and  resulting  elongation  on  the  grinding  side; 
in  other  words,  Its  axis  will  be  continually  changing,  and,  obviously, 
inaccuracy  will  be  the  result.  The  apparatus  for  supplying  the  water 
consists  of  a  small  pump  of  the  fan  type  which  operates  in  a  tank  at 
the  rear.  The  water  is  conveyed  to  the  grinding  wheel  through  a  hose 
and  pipe  0,  and  plays  on  that  part  of  the  work  being  ground. 

Cylindrical  Grinding  Machine  of  the  Plain  Type 

Cylindrical  grinding  machines,  like  milling  machines,  are  divided 
into  two  general  classes,  known  as  plain  and  universal  grinders.  The 
first  type  is  used  for  grinding  work  in  large  quantities,  which  varies 
comparatively  little  in  form,  which  means  that  it  is  essentially  a  ma- 
chine for  manufacturing  purposes.  The  general  construction  of  the 
universal  grinder  is  similar  to  that  of  the  plain  grinder,  but  it  differs 


Flff.  6.    Bnd  View  of  Landla  Orindar,  showing  Automatic  Croaa-fbad  Maohanlam 

from  the  latter  in  having  certain  special  features  and  auxiliary  attach- 
ments which  adapt  it  to  a  more  general  or  universal  class  of  work.  The 
principal  difference  between  the  universal  and  plain  types,  as  far  as  the 
construction  of  the  machine  itself  is  concerned,  is  as  follows:  The 
wheel  slide  of  a  universal  machine  can  be  swiveled  with  relation  to  the 
travel  of  the  table;  the  headstock  can  also  be  set  at  an  angle,  and 
provision  is  made  for  revolving  the  spindle  for  grinding  parts  that  are 
held  in  a  chuck  or  otherwise.  With  a  plain  machine  the  wheel  slide  is 
permanently  set  at  right  angles  to  the  table  travel  and  the  headstock 
cannot  be  swiveled.  The  machine  shown  in  Fig.  2  is  a  universal  type, 
whereas  a  plain  grinder  is  shown  in  Fig.  4.  These  machines  differ 
considerably  in  their  construction  because  they  are  different  makes. 
Plain  and  universal  machines  of  the  same  make,  however,  are  prac- 
tically the  same  except  for  the  changes  referred  to,  unless  one  is  much 
larger  than  the  other. 

The  machine  illustrated  in  Fig.  4  operates  by  traversing  the  grinding 
wheel  along  the  work  which  rotates  in  a  fixed  position,  as  indicated  by 
the  diagram  B,  Fig.  1.     The  travel  of  the  wheel  carriage  is  regulated, 
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carriage  Is  obtained  from  a  belt  operating  on  pulley  H,  and  the  work 
is  rotated  by  a  belt  connecting  with  pulley  O.  The  work  speeds  aro 
varied  by  shifting  lever  F. 

The  grinding  wheel  is  moved  to  or  from  the  work  by  the  handwheel 
D.  In  conjunction  with  this  handwheel  there  is  an  automatic  cross 
feed  which  may  be  set  to  advance  the  wheel  at  each  reversal  of  the 
carriage  on  which  the  wheel  is  mounted.  This  feed  is  effected  by  the 
pawl  A  (Fig.  5)  which  meshes  with  ratchet  teeth  in  the  periphery  of 
the  wheel  D.  Provision  is  made  for  automatically  disengaging  this 
feed  when  the  wheel  has  ground  any  predetermined  amount  from  the 
work.  This  is  accomplished  by  a  movable  ring  B,  mounted  on  the  hand- 
wheel  and  having  a  knock-out  cam  C,  which  engages  a  pin  on  the  feed 
pawl  A.  When  setting  this  feed  to  grind  a  given  amount,  the  wheel  is 
first  brought  into  contact  with  the  work,  by  turning  the  handwheel  D; 
the  ring  B  is  then  moved  around  until  the  cam  C  is  against  the  pin  on 
pawl  A.  When  the  machine  makes  its  first  stroke,  the  pawl  is  dis- 
engaged from  the  ratchet.  The  wheel  should  then  be  allowed  to  pass 
over  the  work  until  it  has  practically  ceased  cutting,  when  the  traverse 
should  be  stopped,  say  at  the  footstock  end.  The  diameter  of  the  work 
is  next  measured  carefully  with  a  micrometer.  The  thumb-latch  E  is 
then  pressed  against  its  stop  four  times  for  each  0.001  inch  reduction 
in  diameter  required.  As  this  thumb-latch  has  attached  to  it  a  spring 
pawl  engaging  the  ratchet  teeth  on  the  wheel  Z>,  the  ring  B,  with  its 
knock-out  cam,  is  moved  away  from  the  feed  pawl  A  an  amount  equiva- 
lent to  one  ratchet  tooth  each  time  the  latch  is  pressed.  When  the 
grinding  is  continued,  the  cam  gradually  moves  backward  and  finally 
disengages  the  feed  pawl.  The  amount  of  feed  is  regulated  by  adjusting 
screw  F. 

Large  Grinding  Machine  of  the  Plain  Type 

Fig.  6  shows  a  large  grinding  machine  of  the  plain  type  which  will 
grind  work  up  to  96  inches  in  length.  This  machine  has  a  moving 
work-table  and  the  grinding  wheel  revolves  in  a  fixed  position,  except 
for  the  crosswise  feeding  movement  at  each  end  of  the  stroke.  The 
wheels  used  in  this  machine  are  24  inches  in  diameter  and  have  a  width 
of  2  Inches.  The  wheel  slide  is  fed  forward  either  by  a  handwheel  or 
automatically,  and  the  automatic  feed  can  be  set  for  grinding  a  given 
amount.  The  rotative  speed  of  the  work  can  be  changed  by  shifting  the 
belt  on  the  driving  cone  pulley  of  the  headstock.  The  rate  of  table 
traverse  can  also  be  regulated  to  give  a  coarse  feed  for  removing  stock 
rapidly  or  a  finer  feed  for  finishing.  The  mechanism  seen  at  the  front 
of  the  machine  includes  the  automatic  cross  feed,  and  the  table  speed- 
changing  mechanism.  There  are  also  hand-wheels  for  adjusting  the 
table  longitudinally  and  the  grinding  wheel  in  a  crosswise  direction. 
The  particular  machine  illustrated  is  equipped  with  six  steadyrests 
which  are  used  for  supporting  the  work  and  to  prevent  vibration.  The 
number  of  rests  used  in  any  case  depends  upon  the  length  of  the  part 
being  ground. 
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CYLINDRICAL  GRINDING  OPERATIONS 

As  an  example  of  grinding,  suppose  a  rather  short  shaft  is  to  be 
ground  cylindrical  and  to  a  diameter  somewhere  between  2.050  and 
2.0495  inches,  there  being  an  allowable  variation  in  size  of  0.0005  inch. 
Before  beginning  to  grind,  a  wheel  should  be  selected  that  is  suitable 
for  the  part  to  be  ground.  When  grinding,  the  work  must  also  be  ro- 
tated at  the  proper  speed  in  order  to  minimize  the  wheel  wear  and 
secure  a  well  finished  surface.  The  points  to  be  considered  when  se- 
lecting the  wheel  and  adjusting  the  work  speed,  have  been  referred  to 
separately  in  Chapter  III,  to  avoid  confusion.  We  shall  assume  that  a 
wheel  of  the  proper  grade  and  grain  has  been  mounted  on  the  spindle 
of  the  grinder  and  that  a  machine  similar  to  the  one  shown  in  Fig.  2 
is  to  be  used.  We  shall  also  assume  that  the  work  has  been  rough 
turned  in  a  lathe  to  within  about  0.010  inch  of  the  required  size. 

The  headstock  H  and  footstock  F  are  first  set  the  required  distance 
apart  and  then  the  work  is  placed  between  the  centers  with  a  driving 
dog  attached  to  the  headstock  end,  as  illustrated  in  Fig.  7.  The  same 
center  holes  upon  which  the  part  was  turned,  are  also  used  when  grind- 
ing, and  they  should  be  carefully  cleaned  before  placing  the  shaft  in  the 
machine.  The  centers  should  also  be  oiled,  because,  as  previously  men- 
tioned, work  of  this  kind  rotates  upon  the  "dead"  centers  of  the  ma- 
chine, which  remain  stationary  in  order  to  secure  greater  accuracy. 
When  the  shaft  is  in  place,  the  reversing  dogs  J  and  Jx  are  set  to  give 
the  table  the  right  length  of  stroke.  The  travel  should  be  reversed 
when  a  small  part  of  the  wheel  face  has  passed  the  end  of  the  piece 
being  ground.  If  the  stroke  is  too  long,  more  time  will  be  required  for 
taking  a  cut  than  is  necessary. 

As  the  part  is  to  be  ground  cylindrical  or  straight,  the  swivel  table  A. 
should  be  set  to  the  zero  position.  The  headstock  H  must  also  be  set  to 
zero,  as  otherwise  the  centers  will  not  be  in  alignment.  It  should  be 
remembered  that  the  graduations  are  only  intended  to  give  an  approxi- 
mate setting,  and  when  accuracy  is  required,  it  is  necessary  to  test  the 
work  by  using  a  micrometer  or  gages.  This  test  is  made  by  first  taking 
a  trial  cut  and  then  measuring  the  diameter  of  the  work  at  each  end. 
If  there  is  any  variation,  the  table  is  turned  slightly  in  whatever  direc- 
tion may  be  required  to  produce  a  cylindrical  surface,  by  using  the 
fine  adjusting  screw  My  Fig.  2. 

Setting  the  Automatic  Feed 

When  starting  a  cut  and  setting  the  automatic  feed,  the  grinding 

wheel  is  moved  in  by  hand  until  it  is  almost  in  contact  with  the  work. 

The  stroke  of  the  table  is  then  stopped  by  pushing  in  knob  Q,  (with  this 

particular  machine)   and  pawl  P  is  placed  into  engagement  with  the 
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ratchet  wheel.  The  latch  O  (see  Fig.  3)  is  then  raised  and  the  head  N 
moved  around  the  periphery  of  the  ratchet  wheel  until  the  point  of 
shield  M  has  just  passed  the  tooth  occupied  by  the  pawl,  so  that  the 
latter  rests  upon  the  shield.  After  the  table  stroke  is  again  started, 
thumb-latch  T  is  pressed  until  the  grinding  wheel  begins  to  cut.  When 
the  surface  is  ground  true,  the  table  is  stopped  when  the  grinding 
wheel  is  at  the  footstock  end,  and  the  diameter  of  the  part  ground  is 
measured  with  a  micrometer.  The  thumb  latch  T  of  the  automatic  feed 
Is  then  pressed  once  for  each  quarter  of  a  thousandth  to  be  removed. 
To  illustrate,  suppose  the  diameter,  after  the  surface  has  been  trued,  is 
2.057  inch.  Then  there  would  be  0.007  inch  stock  to  remove  (2.057  — 
2.050  =  0.007;  hence,  the  latch  would  be  pressed  twenty-eight  times, 
thus  moving  shield  M  far  enough  away  from  the  feed  pawl  to  allow  the 
latter  to  continue  feeding  until  0.007  inch  has  been  ground  away. 

When  the  feed  has  been  set,  the  table  traverse  is  again  started  and 
the  grinding  continued  until  the  feed  is  disengaged.  The  wheel  should 
then  be  stopped  at  the  footstock  end,  as  before,  when  the  density  of 
the  sparks  thrown  off  by  the  wheel  have  diminished  somewhat  and  are 
about  the  same  as  for  the  final  cut  taken  prior  to  the  first  measure- 
ment. If  a  suitable  wheel  has  been  used  and  the  work  rotated  at  the 
proper  speed,  the  diameter  should  be  very  close  to  2.050  inch,  because, 
in  this  case,  a  comparatively  small  amount  has  been  ground  away,  and, 
consequently,  the  wheel  wear  would  be  almost  negligible.  On  the  other 
hand,  where  it  is  necessary  to  remove  considerable  stock,  the  diameter 
of  the  work  might  be  somewhat  above  the  size  for  which  the  automatic 
feed  was  set,  owing  to  the  wear  of  the  grinding  wheel.  After  the 
amount  of  wheel  wear  for  removing  a  given  amount  of  stock  is  deter- 
mined, the  automatic  feed  can  be  set  to  compensate  for  this  wear,  when 
grinding  a  duplicate  part.  For  example,  if  the  diameter  of  the  work 
were  0.001  inch  over  size,  the  latch  P  would  be  pressed  four  times  or 
once  for  each  quarter  thousandth  reduction  required,  and  the  grinding 
continued  until  the  feed  was  again  automatically  disengaged.  After  this 
disengagement  takes  place,  the  traversing  movement  of  the  work  should 
be  continued  until  the  wheel  has  practically  ceased  cutting,  as  shown 
by  the  decrease  in  the  shower  of  sparks. 

•  By  noting  the  sparks  and  then  stopping  the  machine  when  the  volume 
or  density  is  practically  the  same  for  the  final  cut,  duplicate  parts  can 
be  ground  to  a  given  diameter  within  close  limit;  in  faot  the  shower 
of  sparks  thrown  off  by  the  grinding  wheel  Is  a  very  convenient  and 
sensitive  indication  of  the  depth  of  the  cut,  and,  with  a  little  practice, 
it  is  possible  to  gage  the  cut  to  within  very  close  limits  by  this  method. 
-*n  interesting  experiment  was  made  to  determine  what  the  depth  of  a 
cut  would  be  when  the  sparks  were  just  visible.  A  hardened  steel  gage 
was  ground  very  carefully  and,  when  taking  the  final  cut,  the  work  was 
traversed  past  the  wheel  until  no  sparks  were  visible.  The  exact  diam- 
eter of  the  gage  was  then  found  by  using  a  measuring  machine,  after 
which  the  gage  was  again  .placed  in  the  grinder  and  the  wheel  was 
fed  forward  very  slowly  until  sparks  were  just  visible.  The  gage  was 
then  traversed  past  the  wheel,  as  before,  until  all  the  sparks  had  disap- 
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p eared.    Then  by  again  measuring  the  diameter,  it  was  found  that  a 
reduction  of  0.00001  inch  had  been  made. 

One  not  experienced  in  grinding  machine  operation  should  become 
familiar  with  the  relation  between  the  shower  of  sparks  thrown  off  by 
the  wheel  and  the  depth  of  the  cut,  so  that  a  given  amount  of  stock  can 
be  ground  away  without  wasting  too  much  time  in  measuring.  It  is 
well  for  the  inexperienced  operator  to  note  the  density  of  the  sparks 
when  cuts  of  a  known  depth  are  being  taken.  With  a  little  practice, 
one  can  judge  the  depth  of  a  cut  by  this  method  with  considerable 
accuracy. 

When  one  shaft  is  ground  and  another  is  to  be  inserted  in  the  ma- 
chine, pawl  P  is  disengaged  and  handwheel  L  is  turned  to  the  right 
about  one  revolution  (without  changing  the  position  of  shield  M)  in 
order  to  move  the  wheel  away  from  the  work.  The  latter  is  then  re- 
moved and  replaced  by  a, rough  shaft.  When  the  new  blank  is  in 
position,  wheel  L  is  turned  to  the  left  until  the  grinding  wheel  begins 
to  cut.  Then  pawl  P  is  again  placed  in  mesh  with  the  ratchet  wheel, 
which  causes  the  automatic  feed  to  operate  as  previously  described. 

While  the  automatic  feed  will  enable  parts  to  be  ground  to  a  given 
diameter  within  close  limits,  this  diameter  should,  of  course,  always  be 
measured  either  with  a  micrometer  or  by  the  use  of  a  fixed  gage.  As 
previously  intimated,  the  accuracy  of  the  automatic  feed  for  grinding 
to  the  diameter  for  which  it  is  set,  depends  upon  the  amount  the  wheel 
wears,  and  the  wheel  wear,  in  turn,  is  governed  by  the  "grade"  of  the 
wheel  and  the  surface  speed  of  the  work.  When  a  wheel  of  the  proper 
grade  is  used  and  surface  speeds  of  the  wheel  and  work  are  correct, 
the  wear  is  surprisingly  small  and,  in  some  instances,  quite  a  number 
of  duplicate  parts  can  be  ground  without  compensating  for  the  wheel 
wear. 

Taking  Roughing  and  Finishing  Cuts 

The  exact  method  of  procedure  when  grinding  cylindrical  parts  often 
depends  on  the  number  of  pieces  to  be  ground  and  their  shape.  A 
single  shaft  having  a  diameter  of,  say,  2  inches  and  a  length  of  12 
inches,  could  be  ground  by  simply  placing  it  between  the  centers  with 
a  dog  attached  and  proceeding  as  described  in  the  foregoing.  On  the 
other  hand,  if  the  shaft  were  long  and  flexible,  it  would  have  to  be 
supported  by  work-rests  to  prevent  deflection  and  vibration.  A  single 
shaft  might  also  be  finished  by  taking  a  number  of  light  cuts  which 
would  be,  practically,  a  succession  of  finishing  cuts,  whereas  a  number 
of  pieces  would  be  first  "rough"  ground  and  then  finished. 

The  difference  between  roughing  and  finishing  in  the  grinder  is  as 
follows:  For  roughing,  a  fast  side  traversing  movement  is  used  that 
is  almost  equal  to  the  face  width  of  the  wheel,  and  comparatively  deep 
cuts  are  taken,  whereas,  for  finishing,  the  side  feed  and  depth  of  cut 
are  reduced  in  order  to  obtain  a  fine,  smooth  finish.  The  rotative  speed 
of  the  work  is  also  changed  for  finishing;  in  some  shops  the  speed  is 
increased,  whereas  in  others  it  is  diminished.  This  variation  in  prac- 
tice is  doubtless  due  to  the  use  of  different  machines  and  grinding 
wheels.    The  method  commonly  employed  for  ordinary  machine  grind- 
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ing  is  to  use  a  coarse,  free-cutting  wheel  and  a  work  speed  that  is  fa3t 
enough  to  keep  the  wheel  "sharp"  and  permit  rapid  grinding.  The 
same  wheel  is  then  used  for  finishing  after  it  has  been  trued  with  the 
diamond,  and  the  work  speed  is  reduced  to  get  a  finer  finish  than  would 
be  possible  with  the  higher  speed  used  for  roughing.  The  advantage  of 
rough  grinding  and  then  finishing  by  a  separate  operation,  is  that  the 
stock  can  be  removed  more  rapidly  by  the  roughing  operation.  It  is 
necessary,  however,  to  true  the  wheel  face  before  taking  the  finishing 
cut  and  when  grinding  a  single  part,  it  might  be  better  to  simply  take 
a  number  of  light  cuts  in  order  to  keep  the  face  of  the  wheel  true. 

The  following  example  will  serve  to  illustrate  one  method  of  handling 
a  grinding  machine  when  the  parts  are  first  rough  ground  close  to  size 
and  then  finished  by  light  cuts.    Suppose  there  are  a  number  of  cylin- 
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Machinery 

Fig.  8.    (A)  Wheel  with  ExcassIv*  Side  Traverse  or  Feed.    (B)  Wheel  feeding 
laterally  a  Fraction  of  Us  Width  for  each  Revolution  of  the  Work 

drical  rods  which  have  been  rough  turned  in  the  lathe  to  within  0.020 
inch  of  the  finish  size,  and  are  to  be  ground  to  a  diameter  of  2  inches 
and  be  given  a  good  finish.  Before  beginning  to  grind,  a  number  of 
steadyrests  should  be  clamped  to  the  table  of  the  machine  and  adjusted 
against  the  work  to  prevent  the  latter  from  springing  and  vibrating. 
These  rests  are  made  in  several  different  styles  and  the  number  that 
should  be  used  depends  on  the  length  of  the  work.  This  matter  of 
supporting  the  work  is  very  important,  and  will  be  referred  to  subse- 
quently. The  grinder  is  next  set  to  the  right  length  of  stroke,  and  the 
feed  of  the  table  (or  side  traverse  of  the  wheel)  as  well  as  the  work 
speed,  should  also  be  properly  adjusted. 

The  wear  of  a  grinding  wheel,  as  previously  mentioned,  depends  very 
much  on  the  surface  speed  of  the  work,  the  wear  increasing  as  the 
work  speed  is  increased.  Hence  it  Is  the  modern  practice  to  use  a  com- 
paratively slow  work  speed  in  conjunction  with  a  coarse  side  feed  of 
the  wheel  when  It  is  important  to  grind  rapidly;  that  is.  Instead  of  feed- 
ing the  wheel  a  distance  equal  to  only  %  or  Y-k  its  width  per  revolution 
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of  the  work,  it  is  given  a  side  feed  that  is  only  a  little  less  than  the 
full  width  of  the  wheel  face.  Comparatively  wide  wheels  are  also  used 
in  modern  machines,  so  that  the  surface  being  ground  is  covered  quite 
rapidly. 

Suppose  the  work  is  rotated  fast  enough  to  give  a  surface  speed  of 
25  feet  per  minute  and  the  fastest  side  feed  is  engaged  in  order  to  de- 
termine by  trial  what  combination  will  give  the  best  results.  When 
the  wheel  is  brought  into  contact  with  the  work,  if  it  leaves  coarse, 
spiral  feed  lines  (as  shown  at  A,  Fig.  8)  having  a  greater  pitch  than 
the  width  of  the  wheel,  the  side  feed  should  be  reduced  until  the  wheel 
does  not  leave  any  unground  surface.  In  other  words,  the  side  feed 
should  be  somewhat  less  than  the  wheel  width  in  order  to  grind  a 
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Fig.  9.    Truing  Face  of  Grinding  Wheel  by  use  of  Diamond  Tool 

smooth  surface,  free  from  ridges.  On  the  contrary,  if  the  fastest  side 
feed  only  moves  the  wheel  laterally  a  fraction  of  its  full  width  (as  indi- 
cated by  the  narrow  feed  lines  at  B)  the  work  speed  should  be  reduced 
until  the  side  feed  is  nearly  equal  to  the  wheel  width.  Owing  to  the 
rapid  side  feed,  the  wheel  will  pass  over  the  surface  being  ground  in  a 
comparatively  short  time,  and  by  using  a  rather  slow  work  speed,  the 
wear  of  the  wheel  is  minimized.  This  method  of  grinding  is  employed 
when  using  large  machines,  which  have  sufficient  driving  power  to 
enable  such  broad  cuts  to  be  taken  and  are  rigid  enough  to  prevent 
excessive  vibration.  When  a  small  light  grinder  is  employed,  it  is  not 
always  feasible  to  take  such  wide  cuts,  owing  to  the  lack  of  rigidity 
ana  driving  power.  The  depth  of  the  cut  or  the  amount  that  the  wheel 
feeds  inward  at  each  reversal,  is  also  controlled  by  the  power  and 
rigidity  of  the  machine  used. 

After  the  stroke,  side  feed  and  work  speed  have  been  properly  ad- 
justed, the  feed  mechanism  is  set  to  give  the  desired  depth  of  cut.  We 
shall  assume  that  in  this  case  a  cut  of  0.001  inch  is  to  oe  taken  at  each 
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reversal,  which  would  reduce  the  diameter  0.002  inch  for  each  passage 
of  the  wheel.  As  soon  as  the  rough  turned  surface  has  been  ground 
true,  the  wheel  should  be  allowed  to  pass  across  the  work  without  feed- 
ing it  inward,  until  the  sparks  diminish  somewhat  thus  showing  that 
the  wheel  has  practically  ceased  cutting.  The  diameter  is  then  meas- 
ured to  find  out  how  much  stock  must  be  removed  by  roughing.  Sup- 
pose the  diameter  is  2.016  Inch  and  we  want  to  rough  grind  to  within 
about  0.002  inch  of  the  finish  size  or  to  a  diameter  of  2.002  inches; 
there  would  then  be  0.014  inch  to  be  removed  by  rough  grinding,  and 
the  automatic  feed  would  be  set  for  this  amount.  The  machine  is  then 
started  and  the  grinding  continued  until  the  feed  is  disengaged  and  the 
wheel  has  practically  ceased  cutting  as  before.     The  diameter  Is  then 


Fig.  10.    Grinding  Wheels  of  Different  Shape 


again  measured  and  the  difference  between  this  measurement  and  2.002 
inch  will  show  how  much  the  wheel  has  worn.  If  the  wheel  wear  should 
De  excessive,  it  would  be  well  to  try  a  finer  feed  when  grinding  the 
next  piece. 

We  shall  assume  that  the  rods  are  to  be  rough  ground  to  a  diameter 
somewhere  between  the  limits  of  2.0015  and  2.0025  inch,  and  that  the 
diameter  of  the  first  piece  was  0.002  or  0.003  inch  over  the  maximum 
size  when  the  automatic  feed  tripped.  This  stock  should  first  be  re- 
moved by  putting  on  additional  feed  and  then  another  blank  should  be 
placed  in  the  machine  and  the  roughing  operation  repeated,  but  with  a 
reduced  feed  in  order  to  diminish  the  wheel  wear.  By  a  little  experi* 
menting  we  should  be  able  to  find  what  combination  would  give  the 
best  results.  All  parts  are  then  rough  ground,  and  whenever  the  wheel 
has  worn  to  such  an  extent  that  the  diameter  is  greater  than  the  maxi- 
mum limit  of  2.0025  inches,  enough  additional  feed  Is  "put  on"  to  grind 
the  next  blank  to  the  minimum  roughing  limit  of  2.0015  inches.  After 
all  of  the  pieces  have  been  roughed  out,  in  this  way,  the  wheel  should 
be  trued  for  finishing,  as  explained  in  the  next  paragraph.  The  finish- 
ing cuts  are  then  taken  after  the  side  feed  of  the  wheel  and  the  surface 
speed  of  the  work  have  been   reduced,  to  obtain  a  smoother  finish. 
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As  little  stock  is  removed  when  finishing,  it  should  be  possible  to  grind 
a  number  of  parts  without  compensating  for  wheel  wear. 

Truing  a  Grinding  Wheel 

The  grinding  wheel  should  never  be  used  unless  it  runs  true  and  has 
an  even  bearing  on  the  surface  of  the  work.  In  other  words,  the  face  of 
the  wheel  should  be  parallel  with  the  surface  being  ground,  and  it  is 
especially  important  to  have  a  true,  even  wheel  face  when  taking  a 
finishing  cut.  The  only  satisfactory  method  of  truing  a  wheel  is  by 
the  use  of  a  diamond  tool.  This  tool  is  clamped  to  the  footstock  of  the 
machine  (as  shown  in  Fig.  9),  or  In  a  special  holder  attached  to  the 
table,  and  the  stroke  is  adjusted  so  that  the  diamond  point  A  will  just 
clear  the  wheel  face  on  each  side.  The  wheel,  which  should  revolve  at 
the  speed  required  for  grinding,  is  then  trued  by  bringing  it  into  contact 
with  the  diamond  as  the  latter  travels  back  and  forth.  Very  light  cuts 
should  be  taken  and  water  used  to  keep  the  diamond  cool.  The 
diamond  tool  should  be  held  with  the  point  quite  close  to  the  clamp  or 
point  of  support  in  order  to  reduce  vibration  and  give  a  smooth  accurate 
wheel  surface.  Diamond  tools  usually  have  round  shanks  to  permit 
clamping  them  in  different  positions  so  that  the  wear  on  the  diamond 
will  not  be  confined  to  one  to  two  points.  When  truing  the  wheel,  light 
cuts  should  be  taken  and  the  diamond  traversed  across  the  face  with  a 
uniform  speed.  The  number  of  times  that  the  wheel  has  to  be  trued  de- 
pends upon  the  character  of  the  work  and  the  kind  of  wheel  used.  If  it 
is  necessary  to  remove  considerable  stock,  the  wheel  may  have  to  be 
trued  before  taking  each  finishing  cut,  provivded  the  roughing  and  fin- 
ishing operations  are  performed  successively.  When  a  number  of 
duplicate  parts  are  ground,  this  is  avovided  by  first  rough  grinding  them 
all  and  then  truing  the  wheel  once  for  finishing  the  entire  lot,  or  as 
many  parts  as  the  wheel  will  grind  satisfactorily. 

Shapes  of  Grinding  Wheels 
Grinding  wheels  are  made  in  a  great  many  different  shapes  and  sizes 
for  use  in  different  types  of  grinding  machines,  and  on  different  classes 
of  work.  A  plain  disk-shaped  wheel  A,  Fig.  10,  is  used  for  most  cylin- 
drical grinding.  The  diameter  and  width  of  the  wheel,  for  ordinary 
work,  depends,  principally,  upon  the  size  and  power  of  the  machine. 
The  type  of  wheel  shown  at  B  is  intended  for  grinding  up  to  a  large 
shoulder.  It  is  mounted  on  the  end  of  the  spindle  and  is  dished  at  the 
center,  so  that  the  retaining  nut  on  the  spindle  will  not  project  beyond 
the  side  of  the  wheel  and  strike  the  shoulder.  Wheel  C  is  especially 
adapted  for  facing  the  ends  of  bushings  or  small  shoulders.  When  the 
wheel  is  used  for  end  facing,  the  grinding  is  done  by  the  side,  which  is 
recessed  to  reduce  the'  contact  area.  The  saucer-shaped  wheel  D  is  ex- 
tensively used  for  grinding  formed  milling  cutters,  etc.,  especially  on 
regular  tool-  and  cutter-grinding  machines.  The  cup  wheel  E  is  used 
for  grinding. flat  surfaces  by  traversing  the  work  past  the  end  or  face 
of  the  wheel.  The  cylindrical  or  ring-wheel  F  is  also  used  for  producing 
flat  surfaces  and  grinds  on  the  end  or  face.  The  cup  wheel  is  attached 
directly  to  the  spindle  but  the  ring-wheel  is  held  in  a  special  chuck. 
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Thin  wheels  O  are  used  for  sharpening  cutters,  reamers,  etc.,  or  for 
cutting  off  stock.  Grinding  wheels  are  made  in  many  other  shapes, 
but  most  of  them  are  modifications  of  the  few  styles  referred  to. 

Bests  or  Supports  for  the  Work 

Practically  all  parts  that  are  ground  on  centers  should  be  supported 
by  suitable  work-rests  or  "steadies,"  as  their  use  will  permit  taking 
deeper  cuts  with  coarser  feeds  and  also  increase  the  "sizing  power"  of 
the  wheel.  When  grinding  long  and  slender  parts,  such  supports  are 
indispensable,  and  even  for  work  which  is  short  and  rigid,  rests  are 
desirable  to  prevent  vibration,  which  increases  wheel  wear  and  affects 
the  quality  of  the  ground  surface.  These  rests  or  supports  are  fast- 
ened to  the  table  of  the  machine  and  are  equipped  with  shoes  of  hard 


Fig.  11.    Universal  Back-rest  for  Supporting  Work  being  (hound 

wood  or  soft  metal  which  bear  against  the  piece  being  ground.  The 
number  of  rests  used,  depends  on  the  form  and  diameter  of  the  work. 
According  to  a  commonly  accepted  rule,  the  distance  between  each  rest 
should  be  from  six  to  ten  times  the  diameter  of  the  part  being  ground. 

Work-rests  are  made  in  several  different  styles,  and  they  may  be  di- 
vided into  two  general  classes  which  differ  in  that  one  type  is  rigid  and 
the  other  flexible.  The  rigid  rest  gives  a  positive  unyielding  support 
whereas  the  flexible  rest,  as  the  name  implies,  can  yield  more  or  less, 
the  supporting  shoe  being  held  against  the  work  by  springs.  Most  rigid 
rests  must  be  readjusted  by  hand  as  the  diameter  of  the  work  is  reduced 
by  grinding,  whereas  the  shoes  of  the  flexible  type  adjust  themselves 
automatically  after  the  rest  is  properly  set.  Then  there  is  another  form 
of  rest  which  has  spring  tension  but  can  be  made  rigid  when  desirable, 
and  still  another  type  is  so  designed,  that  the  supporting  shoes  are 
adjusted  automatically  but  the  support  is  unyielding. 

A  design  of  work-rest  that  has  been  extensively  used,  is  shown  in 
Fig.  11.    This  is  a  spring  or  flexible  type  and  is  called  a  universal  back- 
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rest.  The  work  W  is  supported  by  the  shoes  S  and  8t  which  are  held 
yieldingly  but  quite  firmly  In  position,  by  means  of  springs  located  at 
A  and  B.  Adjustable  stops  C  and  D  are  provided  to  prevent  the  springs 
from  forcing  the  work  against  the  wheel  after  the  part  has  been  ground 
to  the  required  diameter.  When  these  stops  are  correctly  set,  no  pres- 
sure is  exerted  by  the  springs  upon  the  shoe  after  the  work  has  been 
reduced  to  the  finished  size.  Provision  is  also  made  for  regulating  the 
pressure  of  the  springs  to  adapt  the  rest  to  either  light  or  heavy  work. 
After  the  stops  are  once  set,  duplicate  parts  can  be  ground  to  the  same 
diameter  without  readjusting  the  rests. 

Fig.  12  shows  how  four  of  these  back-rests  are  used  for  supporting  a 
long  shaft  which  is  being  ground.    After  they  are  clamped  to  the  table 


Fig.  12.    Grinding-  Machine  equipped  with  Four  Universal  Back-rests 

of  the  machine,  the  shoes  of  each  rest  are  adjusted,  Independently,  to 
bear  properly  against  the  shaft.  The  way  this  adjustment  is  made  will 
be  more  clearly  understood  by  again  referring  to  Fig.  11.  The  holder 
for  the  shoes  has  trunnions  at  the  top  which  rest  in  V-shaped  notches 
formed  at  the  front  end  of  frame  E.  The  latter  is  connected  at  the  rear 
with  a  link  F  which  is  pivoted  at  its  lower  end.  Spring  B  tends  to  push 
frame  E  forward,  and  the  extent  of  this  forward  movement  is  regulated 
by  stop-screw  C.  In  addition  to  this  motion,  the  shoe  holder  can  also 
be  swiveled  about  its  supporting  trunnions  by  spring  A.  This  spring 
forces  screw  O  against  the  holder,  and  the  movement  of  the  screw  is 
regulated  by  stop  D.  From  the  foregoing,  it  will  be  seen  that  spring  B 
forces  shoe  S  against  the  rear  side  of  the  work,  whereas  spring  A  forces 
shoe  S,  in  an  upward  direction.  Moreover,  the  pressure  of  the  shoes 
can  be  arrested  (after  the  work  has  been  ground  to  a  given  diameter) 
by  setting  stops  C  and  D  in  the  proper  position. 
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In  adjusting  a  back  rest,  screw  G  is  turned  out  far  enough  to  allow 
the  shoe  to  clear  the  work,  and  nut  H  is  loosened  to  entirely  relieve  the 
tension  of  spring  B.  Stop  screw  C  is  also  turned  back,  and  nut  I  is 
screwed  in  to  slightly  compress  spring  A.  Screw  G  is  next  turned  for- 
ward to  bring  the  shoes  into  contact  with  the  work.  The  shoes  are  then 
held  lightly  in  position  and  screw  C  is  turned  until  the  end  just  touches 
its  stop  or  seat.  With  screw  C  in  this  position,  both  shoes  should  bear 
evenly  against  the  work.  Spring  B  is  next  compressed  somewhat  by 
turning  nut  H.  The  combined  pressure  of  screws  A  and  B  should  be 
only  sufficient  to  resist  the  wheel  pressure  when  taking  the  final  cut, 
and  also  to  prevent  vibration. 

When  grinding  the  trial  piece  for  adjusting  the  work-rests,  the  screws 
G  on  the  different  rests  are  used  to  keep  the  shoes  in  contact  with  the 


Fig.  18.    Grinding  Close  to  a  Shoulder— Plan  View 

work,  and  the  diameter  at  various  points  is  regulated  by  adjusting  stop- 
screws  C.  When  the  rests  are  correctly  set,  screws  G  are  only  adjusted 
to  compensate  for  the  wear  of  the  shoes,  and  screws  C  are  used  for  the 
delicate  diameter  adjustments.  When  short  stiff  pieces  are  being  ground, 
the  cylindrical  form  is  obtained  from  the  machine  centers,  but  when 
the  work  is  long  and  flexible,  the  control  of  the  cenetrs  is  limited  and 
they  only  steady  the  ends;  consequently,  in  order  to  grind  a  slender 
shaft  or  rod  cylindrical  from  one  end  to  the  other,  it  is  necessary  to 
rely  on  the  adjustment  of  the  work-rests. 

Before  adjusting  the  rests  it  is  the  practice  in  some  shops  to  grind 
true  "spots"  for  each  of  the  supporting  shoes.  In  order  to  do  this,  the 
rests  are  first  placed  in  their  respective  positions  and  then  the  machine 
table  is  moved  by  hand  until  one  of  the  rests  is  opposite  the  grinding 
wheel.  The  work  is  next  "spotted"  or  trued  by  feeding  the  wheel  in 
against  the  revolving  work,  while  the  table  remains  stationary.  The 
diameter  of  the  surface  ground  in  this  way  should  be  within,  say  0.002 
inch  of  the  finished  size,  although  a  larger  allowance  may  be  needed  in 
certain  cases.     This  "spotting"  operation  is  repeated  by  successively 
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placing  each  work-rest  in  front  of  the  grinding  wheel  and  proceeding 
as  described.  When  spotting  a  very  flexible  shaft,  it  is  well  to  first 
grind  a  spot  for  the  work-rest  nearest  the  footstock  and  then  place  this 
rest  in  position.  The  rest  nearest  the  headstock  is  then  located  in  the 
same  manner  and  in  this  way  a  support  is  provided  for  the  work,  while 
spotting  for  the  rests  in  the  center  of  the  shaft.  The  practice  of 
grinding  spots  is  not  to  be  recommended  for  ordinary  work,  and,  in 
many  shops,  parts  are  never  "spotted"  prior  to  grinding,  even  when 
they  are  ground  from  the  rough. 

There  is  a  difference  of  opinion  among  grinding  machine  operators 
and  manufacturers  regarding  the  relative  merits  of  the  rigid  work-rest 
and  the  flexible  or  spring  type.  Some  advise  the  use  of  spring-rests  for 
supporting  light  slender  work,  and  the  fixed  or  rigid  form  when  grind- 
ing heavy  stiff  parts,  whereas  others  advocate  the  use  of  rigid  rests  for 


j 


c 


JfjacMngnr 


Fig.  14.    Special  End- 


driving  Dog  applied  to  Shaft  for  Grinding  •nttra 
Length  In  One  Operation 


light  as  well  as  heavy  work.  It  is  also  the  practice  in  some  shops  to 
use  spring-rests  almost  exclusively.  Satisfactory  results  can  doubtless 
be  obtained  with  each  type,  under  favorable  conditions.  When  the  work 
is  light  and  flexible,  spring-rests  are  often  used  in  preference  to  the  fixed 
form.  On  the  other  hand,  when  a  heavy  rigid  piece  is  being  ground, 
solid  unyielding  rests  are  commonly  employed  to  provide  as  solid  a 
support  as  possible  in  order  to  absorb  vibration  and  prevent  chattering. 
When  chattering  is  caused  by  vibration  of  the  work,  owing  to  im- 
proper supports,  the  surface  left  by  the  grinding  wheel  has  minute, 
parallel  ridges  which  spoil  the  finish;  moreover  the  vibration  which 
produces  the  chatter  marks  causes  excessive  wheel  wear  and  greatly 
affects  the  efficiency  of  the  grinding  operation.  Chatter  marks  are  also 
caused  by  defects  in  the  machine  itself,  in  which  case  they  have  a  spiral 
form.  Sometimes  the  wheel  spindle  vibrates  either  because  it  is  too 
light  or  the  bearings  are  too  loosely  adjusted.  Chattering  is  also  pro- 
duced by  an  unbalanced  or  improperly  trued  wheel,  and  the  jar  from  a 
large  stiff  belt-joint  will  also  set  up  vibrations  that  are  copied  on  the 
work  in  the  form  of  chatter  marks.    In  some  instances,  chattering  can 
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be  eliminated  by  a  slight  change  in  the  work  speed  or  by  using  a  wheel 
of  different  grade;  but,  in  other  cases,  the  remedy  is  not  so  simple, 
especially  when  the  trouble  is  caused  by  the  design,  construction  or 
mounting  of  the  machine. 

Grinding1  Close  to  a  Shoulder 
Occasionally  it  is  necessary  to  grind  close  to  a  shoulder,  as  indicated 
in  the  plan  view,  Fig.  13.  This  can  be  done  by  setting  the  wheel  close 
to  the  shoulder  with  the  hand  adjustment  and  then  feeding  it  straight 
in  until  the  diameter  next  to  the  shoulder  is  reduced  to  the  finished 
size  or  slightly  above  it;  the  remaining  surface  between  the  shoulder 
and  the  end  of  the  work  is  then  ground  by  using  the  power  traverse 
movement  in  the  usual  way.  The  object  in  first  grinding  close  to  the. 
shoulder  is  to  provide  a  clearance  space  so  that  the  wheel  does  not  have 
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Fig.  15.    Taper  Grinding  by  8wlvellng  Platen  to  Required  Angle 

to  travel  close  up  to  the  shoulder.  It  is  also  possible  to  grind  close  to  a 
shoulder  without  providing  a  clearance  space,  by  carefully  adjusting  the 
stroke  dogs  to  reverse  the  table  when  the  wheel  is  almost  against  the 
shoulder.  When  this  method  is  employed,  the  dog  which  controls  the 
reversal  at  the  shoulder  end  of  the  travel,  must  be  accurately  located 
to  prevent  the  wheel  from  striking,  and  it  may  be  necessary  to  adjust 
this  dog  for  each  piece  ground,  because  the  center  holes  usually  vary 
more  or  less  in  depth  and  any  such  variation  would  change  the  position 
of  the  shoulder  with  relation  to  the  wheel.  The  result  is  that  consider- 
able time  is  wasted  in  adjusting  the  stroke,  and  for  that  reason  the  first 
method  referred  to  is  preferable.  With  the  second  method,  the  surface 
next  to  a  shoulder  is  also  likely  to  be  left  a  little  large  unless  the  wheel 
is  allowed  to  dwell  for  a  short  time  at  the  extreme  end  of  the  stroke. 
With  the  machine  illustrated  in  Fig.  2  this  dwell  can  be  obtained  by 
pushing  in  the  knob  located  in  the  center  of  the  handwheel  7.  The  table 
traverse  is  again  started  by  pulling  out  this  knob.    The  machine  shown 
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in  Fig.  13  is  similar  to  the  one  shown  in  Fig.  4,  but  differs  in  that  it  is 

a  universal  type. 

Special  End- driving-  Dog 

Sometimes  it  is  desirable  to  grind  a  straight  cylindrical  shaft  from 
one  end  to  the  other  at  one  setting.  Of  course  this  cannot  be  done  when 
a  regular  driving  dog  is  used,  because  the  latter  will  interfere  with  the 
movement  of  the  grinding  wheel.  Fig.  14  illustrates  a  special  end-driv- 
ing dog  which  is  sometimes  used  in  cases  of  this  kind.  This  dog  has 
pins  A  which  engage  holes  drilled  in  the  end  of  the  work.  The  arm  B 
swings  freely  on  pin  C  and  has  a  hole  which  is  larger  than  the  machine 
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Fig.  16.    Grinding  Abrupt  Taper  by  Betting  Wheel-slide  to  Required  Angle 

center  D,  thus  allowing  it  to  turn  on  pin  C  until  the  driving  pins  A  en- 
gage the  holes  on  both  sides.  With  this  arrangement,  the  grinding 
wheel  can  move  across  the  entire  shaft,  thus  permitting  the  latter  to  be 
ground  in  one  operation,  Instead  of  reversing  it  on  the  centers  for  grind- 
ing the  driving  or  "dogged"  end. 

Taper  Grinding 
Taper  parts  are  ground  practically  the  same  as  those  that  are  straight 
or  cylindrical,  provided  the  taper  is  not  too  steep  or  abrupt.  The  work 
is  placed  between  the  centers,  as  illustrated  in  Fig.  15,  and  the  table  is 
set  to  the  required  angle  a,  a?  *hown  by  the  graduations  at  one  end. 
This  adjustment  locates  the  axis  of  the  work  at  an  angle  with  the  table's 
line  of  motion;  hence  a  taper  is  produced,  the  angle  of  which  depends 
upon  the  amount  that  the  swivel  table  is  turned  from  its  central  or 
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parallel  position.  There  are  usually  two  sets  of  graduations  for  the 
swivel  table,  one  reading  to  degrees  and  the  other  giving  the  taper  in 
inches  per  foot  The  taper  should  be  tested  before  the  part  is  ground 
to  the  finished  size,  by  using  a  gage  or  in  any  other  available  way. 

The  plan  Tiew,  Fig.  16,  shows  how  a  taper  surface  is  ground  when  the 
angle  is  beyond  the  range  of  the  swivel  table.  The  wheel  slide  A  (which 
is  normally  at  right  angles  to  the  table)  is  set  to  bring  its  line  of  motion 
parallel  with  the  taper  to  be  ground.  The  upper  wheel  stand  B  is  also 
set  at  right  angles  to  slide  A,  to  locate  the  wheel  face  parallel  with  the 
taper  surface.  The  table  of  the  machine  should  be  set  in  the  zero  posi- 
tion, so  that  the  angular  graduations  on  the  wheel  slide  base  will  give 
correct  readings  with  relation  to  the  axis  of  the  work.    After  adjusting 
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Flf.  17.    Grinding  with  Side  of  a  Recessed  Wheel 

the  table  to  the  proper  longitudinal  position,  the  grinding  is  done  by 
moving  the  wheel  across  the  taper  surface  by  using  the  hand  cross-feed, 
and  the  depth  of  each  cut  is 'regulated  by  slight  longitudinal  adjustments 
of  the  table.  When  the  taper  is  tested,  if  any  adjustment  is  necessary, 
this  can  be  made  by  the  table  adjusting  screw.  Evidently  an  operation 
of  this  kind  must  be  done  on  a  universal  machine,  because  the  wheel 
slide  of  a  plain  type  does  not  have  the  angular  adjustment. 

Parts  having  a  double  or  compound  taper  can  be  ground  at  one  setting, 
provided  one  taper  is  within  the  range  of  the  swivel  table.  The  latter 
is  set  for  the  smaller  angle  and  the  wheel  slide  for  the  greater  angle,  as 
indicated  by  the  sketch  A,  Fig.  18.  The  wheel  is  set  at  right  angles  to 
the  longest  surface  and  one  corner  is  beveled  to  suit  the  other  surface. 
One  part  is  then  ground  by  traversing  the  table,  and  the  other  by  mov- 
ing the  wheel  slide.  The  wheel  base,  in  this  instance,  should  be  set  to 
an  angle  corresponding  to  the  sum  of  the  angles  of  both  tapers,  as 
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measured  from  the  axis.    The  sum  of  both  angles,  in  the  example  illus- 
trated, is  50  degrees. 

Grinding  with  Side  of  Wheel 
When  it  is  necessary  to  grind  bushings  or  sleeves,  they  are  sometimes 
mounted  on  a  mandrel  as  shown  at  A,  Fig.  17.  This  view  Illustrates 
how  the  end  of  a  bushing  is  finished  by  grinding  with  the  side  of  the 
wheel.  A  wheel  for  end  facing  should  be  soft  and  porous  and  it  should 
also  be  recessed  on  the  sides  (as  shown  by  the  sectional  view)  to  reduce 
the  working  area.    The  grinding  should  be  done  by  moving  the  work 


Flff.  18.    (▲)  Grinding  a  Double  Taper  by  Traversing  both  Platen  and  Wheel 
Slide.    (B)  Grinding  the  Bide  of  a  Disk 

endwise  against  the  side  of  the  wheel,  instead  of  traversing  the  wheel 
laterally.  This  method  of  facing  the  ends  of  cylindrical  parts  is  only 
employed  when  the  surfaces  are  quite  narrow.  Sketch  B  indicates  how 
the  jaws  of  a  caliper  gage  are  ground  by  the  side  of  the  wheel.  The 
gage  is  held  In  a  fixture  attached  to  the  table  of  the  machine  and  the 
wheel  is  traversed  across  the  face  of  the  jaw  being  ground.  It  is  neces- 
sary to  traverse  the  wheel  in  this  instance  because  the  work  is  not 
revolving. 

Use  of  the  Universal  Head 

The  headstock  of  the  universal  grinder  is  used  for  holding  and  revolv- 
ing many  parts,  such  as  saws,  milling  cutters,  and  other  pieces  that 
cannot  be  revolved  between  the  centers.  Sometimes  the  work  is  held 
in  an  ordinary  chuck  screwed  to  the  headstock  spindle,  and  special 
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collet  chucks  or  fixtures  are  also  employed,  as  well  as  magnetic  chucks, 
where  electric  power  is  available.  Sketch  J5,  Fig.  18,  illustrates  how  the 
side  of  a  plain,  flat  disk  i3  ground.  The  headstock  spindle  is  set  at 
right  angles  to  the  table,  and  the  work,  in  this  case,  is  held  in  a  four- 
jawed  chuck.  When  grinding,  the  wheel  operates  on  only  one  side  of 
the  disk,  and  the  automatic  table  traverse  is  used.  If  the  surface  must 
be  flat  it  can  be  tested  with  a  straightedge  or  by  allowing  the  wheel  to 
pass  clear  across  the  face  and  noting  the  density  of  the  sparks  on  both 
sides.  When  the  sparks  show  the  same  at  all  points  the  surface  is  flat 
within  close  limits.  The  fine  adjusting  screw  for  the  table  should  be 
used  for  making  adjustments.  Obviously,  concave  or  convex  surfaces 
can  be  ground  by  setting  the  headstock  to  the  required  angle. 


Fig.  19.    Grinding  Side  of  Steel  Ring  which  la  held  by  a  Magnetic  Chuck 

Fig.  19  illustrates  the  use  of  a  magnetic  chuck  attachment  for  face 
grinding.  The  operation  is  that  of  grinding  the  sides  of  a  steel  ring  A. 
As  these  sides  must  be  flat,  the  headstock  spindle  is  set  at  right  angles 
to  the  wheel  spindle.  The  work  is  rotated  by  a  belt  (not  in  place)  which 
passes  over  a  pulley  located  just  back  of  the  magnetic  chuck  B,  The 
current  for  magnetizing  the  chuck  is  conveyed  through  the  wires  and 
brushes  shown.  The  wheels  used  for  grinding  flat  surfaces  should  be 
of  a  softer  grade  than  for  cylindrical  work,  owing  to  the  greater  contact 
area. 

Truing  Grinding  Machine  Centers 

Fig.  20  illustrates  how  a  universal  grinding  machine  is  used  to  true  its 
own  centers.  The  headstock  is  set  to  an  angle  of  30  degrees,  giving  an 
included  standard  angle  of  60  degrees,  and  the  grinding  is  done  by 
traversing  the  wheel  across  the  conical  surface.  The  tailstock  center 
is  ground  first  by  inserting  it  in  the  headstock  spindle,  these  centers 
being  interchangeable.  The  table  stroke  should  be  adjusted  so  that 
the  wheel  overlaps  the  taper  surface  slightly  on  each  side,  and  a  copious 


Digitized  by  VjOOQIC 


CYLINDRICAL  GKIXDIXG 


29 


supply  of  water  should  be  used,  when  grinding,  to  prevent  drawing  the 
temper  of  the  hardened  centers.  The  centers  of  a  plain  grinder  are 
inserted  in  a  special  fixture  while  being  trued.  This  fixture  is  clamped 
to  the  table  and  holds  the  center  at  an  angle  of  30  degrees.  It  is  very 
important  to  keep  the  centers  in  good  condition,  as  otherwise  parts 
ground  upon  them  will  not  be  accurate. 

Preparation  of  Work  for  Grinding 

The  amount  of  stock  that  can  economically  be  removed  by  grinding 
depends  largely  on  the  size  and  power  of  the  grinding  machine.  The 
modern  practice,  when  using  heavy  machines,  is  to  reduce  the  work  in 
a  lathe  to  within  somewhere  between  0.015  and  0.030  inch  of  the  re- 
quired diameter  and  then  finish  by  grinding.  The  lathe  is  simply  used 
for  roughing,  and  the  stock  is  removed  by  taking  one  or  more  coarse 


Fig.  SO.    Truing  Conical  Center  of  a  Universal  Grinder 

cuts,  leaving  a  rough  surface  on  the  work.  When  the  diameter  has 
been  reduced  to  within  say  0.025  inch  of  the  finished  size  by  turning, 
it  is  more  economical  to  remove  this  stock  by  grinding  than  by  taking 
a  light  finishing  cut  in  the  lathe.  It  is  also  practicable,  in  some  cases, 
to  grind  bar  stock  from  the  rough  without  any  preliminary  turning 
operation,  although  most  work  is  first  turned.  When  using  a  light 
grinder  the  allowance  for  grinding  must  be  comparatively  small  and 
is  governed  more  or  less,  in  any  case,  by  the  size  and  character  of  the 
work,  as  well  as  by  the  power  and  stock-removing  capacity  of  the 
grinding  machine. 

Parts  which  have  been  hardened  are  occasionally  so  distorted  by  the 
hardening  process  that  they  cannot  be  finished  to  the  required  size. 
Straightening  can  then  be  resorted  to,  but  this  should  not  be  done 
while  the  work  is  cold,  as  there  is  always  a  tendency  for  the  piece  to 
resume  its  original  shape  owing  to  internal  strains,  and  even  if  prop- 
erly heated,  there  is  more  or  less  danger  of  such  distortion.  When  a 
hardened  part  must  be  straightened  it  should  first  be  heated  (though 
not  enough  to  anneal  it)  and  then  straightened  in  a  press.    By  proper 
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annealing  prior  to  the  hardening  process,  this  tendency  to  spring  out 
of  shape  is  often  overcome.  The  annealing,  which  releases  the  internal 
strains  incident  to  the  rolling  or  forging  operations,  should  take  place 
after  the  outer  surface  has  been  removed  in  the  lathe;  then  if  the 
work  runs  practically  true  when  tested,  it  can  he  machined  to  the 
grinding  size,  hut  if  the  piece  is  badly  warped,  it  should  be  heated  to 
a  cherry  red,  straightened,  and  then  annealed  as  before.  Whenever 
possible,  grinding  should  be  done  last,  so  that  the  work  will  not  be 
marred  or  sprung  out  of  true  by  other  machining  operations  that  may 
be  performed  later.  Keyways  in  shafts,  etc.,  should  invariably  be 
finished  prior  to  grinding,  as  the  removal  of  metal  for  the  keyway 
from  one  side  of  the  shaft  will  often  distort  the  latter. 

The  machine  itself  should  be  carefully  examined  frequently,  as  its 
efficiency  often  depends  upon  a  little  Intelligent  care.  The  bearings, 
particularly  of  the  wheel  spindle,  should  be  carefully  adjusted  to  elimi- 
nate all  lost  motion,  and  the  cross-slide  for  the  grinding  wheel  should 
be  thoroughly  oiled  so  that  it  moves  freely.  The  centers  in  the  work 
should  correspond  to  the  angle  of  the  machine  centers  and  be  carefully 
cleaned  and  oiled  before  the  work  is  placed  in  position.  When  a 
grinding  wheel  is  being  mounted  on  the  spindle,  see  that  the  central 
hole  is  a  close  but  easy  fit.  If  the  diameter  of  the  hole  is  about  0.005 
inch  large,  the  wheel  will  slide  on  without  cramping,  and  it  will  not 
only  have  a  good  fit  on  the  spindle,  but  an  even  bearing  against  the 
inside  flange.  Soft  washers  of  blotter  or  rubber  should  be  placed  be- 
tween the  wheel  and  flanges  on  each  side,  as  they  compensate  for  any 
roughness  in  the  wheel  and  distribute  the  clamping  pressure  evenly. 
The  flanges  should  be  tightened  just  enough  to  hold  the  wheel  firmly, 
to  avoid  any  unnecessary  strain. 
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GRINDING  WHEELS- WORK  SPEEDS 

If  satisfactory  work  is  to  be  done  in  the  grinder  it  is  absolutely 
essential  that  the  grinding  wheel  be  of  a  grade  and  grain  which  is 
adapted  for  the  material  to  be  ground.  Grinding  wheels  are  composed 
of  a  large  number  of  grains  or  kernels  of  some  suitable  abrasive 
material,  such  as  alundum,  corundum  or  carborundum,  which  are  held 
together  by  what  is  known  as  a  bond.  By  varying  the  amount  and 
composition  of  this  bond,  wheels  of  different  grades  are  obtained.  The 
term  grade  does  not  refer  to  the  degree  of  hardness  of  the  abrasive, 
but  to  the  tenacity  with  which  the  bond  holds  the  grit  in  place.  A 
wheel  from  which  the  grit  or  cutting  particles  can  easily  be  dislodged 
is  called  soft,  and  one  which  holds  the  particles  securely  is  referred  to 
as  a  hard  wheel. 

The  degree  of  hardness  or  grade  of  a  wheel  is  commonly  denoted  by 
the  letters  of  the  alphabet.  According  to  one  system  the  letter  M  repre- 
sents a  medium  grade  and  the  successive  order  of  letters  preceding  and 
following  M  denote  softer  and  harder  wheels.  For  example,  grade  E 
is  soft;  grade  I,  medium  soft;  M,  medium;  Q,  medium  hard;  U,  hard; 
Y,  extremely  hard;  whereas  the  intermediate  letters  indicate  grades 
between  those  mentioned.  Thus  wheel  L  is  one  grade  softer  than  Mf  and 
N  one  grade  or  degree  harder.  This  method  of  grading  wheels  is  not 
universal,  as  a  standard  system  has  never  been  adopted  by  the  different 
manufacturers. 

The  grain  or  coarseness  of  a  wheel  is  designated  by  numbers  which 
indicate  the  number  of  meshes  to  the  linear  inch  through  which  the 
kernels  of  grit  will  pass.  To  illustrate,  a  36  grain  means  that  the 
grains  or  cutting  particles  will  pass  through  a  sieve  having  36  meshes 
to  the  linear  inch.  The  combination  of  grade  and  grain  is  marked  on 
the  side  of  the  wheel  by  using  the  letter  for  the  grade  and  the  number 
for  the  grain;  thus  a  36-M  wheel  is  one  having  cutting  material  of  No. 
46  grain  and  a  medium  degree  of  hardness. 

Selection  of  Wheel  for  Grinding 

When  selecting  a  grinding  wheel  there  are  several  factors  which 
must  be  considered.  The  grade  and  grain  depend  largely  upon  the 
character  of  the  material  to  be  ground  and  its  degree  of  hardness.  For 
example,  machinery  steel  requires  a  harder  wheel  than  hardened  tool 
steel.  The  reason  for  this  will  perhaps  be  better  understood  if  we 
think  of  a  grinding  wheel  as  a  cutter  having  attached  to  its  periphery 
an  innumerable  number  of  small  teetn,  for  this  is  literally  what  the 
thousands  of  small  grains  of  abrasive  are.  When  the  wheel  is  of  the 
proper  grade  these  small  teeth  or  cutting  particles  are  held  in  place 
by  the  bond  until  they  become  coo  dull  to  cut  effectively,  when  they 
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are  torn  out  of  place  by  the  increased  friction.  Obviously  these  grains 
or  cutters  will  become  dulled  sooner  when  grinding  hard  than  when 
grinding  soft  steel;  hence,  as  a  general  rule,  the  harder  the  material, 
the  softer  the  wheel,  and  vice  versa. 

When  a  hard  wheel  is  used  for  grinding  hard  material,  the  grit  be- 
comes dulled,  but  it  is  not  dislodged  as  rapidly  as  it  should  be,  with 
the  result  that  the  periphery  of  the  wheel  is  worn  smooth  or  glazed, 
so  that  grinding  is  impossible  without  excessive  wheel  pressure.  Any 
undue  pressure  tends  to  distort  the  work,  and  this  tendency  is  still 
further  increased  by  the  excessive  heat  generated.  If  the  surface  of 
the  wheel  becomes  "loaded"  with  chips  and  burns  the  work,  even  when 
plenty  of  water  is  used,  it  is  too  hard. 

Soft  materials,  such  as  brass,  are  ground  with  a  soft  wheel,  which 
crumbles  easily,  thus  preventing  the  wheel  from  becoming  loaded  or 
clogged  with  metal,  as  would  be  the  case  if  a  hard-bonded  wheel  were 
used.  When  a  wheel  is  used  which  is  too  soft,  the  wear  is,  of  course, 
greatly  increased,  as  the  particles  of  grit  are  dislodged  too  rapidly,  and, 
consequently,  the  wheel  is  always  "sharp."  This  means  that  the 
abrasive  has  not  done  sufficient  work  to  become  even  slightly  dulled, 
and  the  result  is  a  rough  surface  on  the  work. 

The  area  of  the  surface  which  is  in  contact  with  the  wheel  should 
also  be  considered  when  selecting  the  proper  grade.  For  a  given  ma- 
terial the  wheel  should  be  softer  as  the  area  increases.  To  illustrate, 
a  wheel  of  grade  A7  might  be  suitable  for  grinding  cylindrical  pieces  2 
inches  in  diameter,  but  not  suitable  for  a  diameter  of  4  inches,  because 
of  the  increased  contact  area,  owing  to  the  increase  in  diameter. 

The  grain  or  degree  of  coarseness  of  the  wheel  is  another  point  to  be 
considered  when  making  a  selection.  Generally  speaking,  coarse  wheels 
are  better  adapted  to  most  work  because  the  larger  grains  permit 
deeper  cuts  to  be  taken.  When  a  very  fine  finish  is  required,  particu- 
larly on  a  number  of  duplicate  pieces,  fine  wheels  are  sometimes  used 
for  finishing,  after  the  work  has  been  ground  ,to  within,  say,  0.002  inch 
of  the  required  size  with  a  coarse  wheel.  It  is  not  necessary,  however, 
to  use  a  fine  wheel  in  order  to  obtain  a  smooth  surface,  as  a  wheel  of 
comparatively  coarse  grain  will  produce  a  finish  fine  enough  for  most 
purposes,  if  the  work  speed  is  reduced  somewhat  and  the  wheel  is  trued 
with  a  diamond  just  before  taking  the  finishing  cut;  in  fact,  very  fine 
surfaces  can  be  obtained  with  a  comparatively  coarse  wheel,  provided 
there  is  tne  proper  relation  between  the  surface  speeds  of  the  wheel  and 
work.  When  roughing  cuts  are  being  taken,  the  cutting  particles  are 
constantly  worn  away  or  dislodged  so  that  the  face  of  the  wheel  is 
kept  rough  or  "sharp,"  and  the  ground  surface  is  also  comparatively 
rough.  After  the  wheel  face  has  been  trued  with  a  diamond,  however, 
light  finishing  cuts,  in  conjunction  with  a  reduced  work  speed,  will  give 
a  finish  which  is  smooth  enough  for  all  practical  purposes,  even  though 
a  fairly  coarse  wheel  is  used. 

Incidentally,  it  is  not  always  the  highly  polished  surface  which 
represents  the  most  accurate  work,  because  this  finish  is  sometimes 
obtained  at  the  expense  of  accuracy,  by  using  hard  wheels  that  require 
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so  much  pressure  to  make  them  grind  that  the  work  is  distorted.  In 
order  to  secure  accuracy,  the  wheel  must  cut  freely  and  without  per- 
ceptible pressure.  Sometimes  a  coarse  wheel  refuses  to  cut  after  a 
surface  has  been  finished  to  a  certain  point,  because  the  cutting  particles 
wear  off  somewhat  and  the  ends  become  too  large  and  blunt  to  enter 
the  smooth  surface.  If  this  occurs,  the  wheel  should  be  trued  with  a 
diamond  or  be  replaced  with  one  of  finer  grain.  When  grinding  brass 
or  soft  bronze  the  grain  of  the  wheel  must  be  as  fine  as  the  finish 
desired;  in  other  words,  it  is  not  practicable  to  use  a  coarse  wheel  for 
finishing  these  metals. 

Peripheral  Speed  of  Work  and  Grinding  Wheel 
A  wheel  which  is  perfectly  adapted  to  grinding  a  certain  kind  of  ma- 
terial will  not  work  satisfactorily  if  the  relative  surface  speeds  of  the 
wheel  and  work  are  not  approximately  correct.  The  work  speed  affect3 
the  wear  of  the  wheel,  which,  when  excessive,  also  affects  the  finish  of 
the  surface  being  ground.  The  amount  of  stock  that  the  wheel  re- 
moves for  a  given  amount  of  wear  can  be  increased  or  diminished  by 
varying  the  work  speed,  the  wheel  wear  being  excessive  when  the  speed 
is  too  high.  This  close  relation  between  the  work  speed  and  the  wheel 
wear  makes  it  possible  to  use  a  wheel  which  is  somewhat  harder  than 
it  should  be  for  a  given  piece  of  work,  by  increasing  the  work  speed, 
with  the  result  that  the  grit  is  dislodged  more  easily,  and,  consequently, 
does  not  remain  long  enough  to  cause  glazing,  which  would  otherwise 
take  place;   this  practice,  however,  is  not  to  be  recommended. 

As  there  are  a  number  of  factors,  such  as  kind  of  material,  finish 
desired,  etc.,  which  determine  the  proper  work  speed,  it  is  impractical 
to  say  just  what  this  speed  should  be  unless  the  conditions  are  known. 
A  speed  of  twenty-five  feet  per  minute  might  be  correct  for  grinding  a 
certain  piece  of  steel,  and  not  correct  for  another  steel  part  having  a 
different  carbon  content.  The  finish  of  a  ground  surface,  as  previously 
stated,  is  also  affected  by  the  work  speed.  It  is  possible  to  grind  a 
very  rough  or  smooth  surface  by  simply  varying  the  speed,  depth  of 
cut  and  side  feed  of  wheel,  the  surface  becoming  smoother  as  these 
are  diminished.  For  this  reason  the  speed  and  feeds  (when  within,  say, 
0.002  inch  of  the  finish  size)  are  often  reduced  before  taking  the  finish- 
ing cuts.  The  best  method  of  ascertaining  the  proper  speed  for  a  given 
piece  of  work,  and,  incidentally,  of  determining  the  best  wheel  to  use, 
is  by  experimenting  until  the  desired  results  are  obtained.  This  does 
not  necessarily  mean  that  whenever  a  new  piece  of  work  is  to  be 
ground  considerable  time  must  be  wasted,  as  the  speed  adjustments 
are  easily  made,  and  besides,  experience  will  soon  teach  what  combi- 
nations of  speed  will  give  the  best  results. 

The  peripheral  or  surface  speed  of  a  grinding  wheel  is  usually  some- 
where between  5500  and  6000  feet  per  minute,  although  speeds 
between  5000  and  6500  feet  per  minute  are  employed.  As  the 
wheel  diminishes  in  size,  it  appears  to  get  softer,  even  though  the 
peripheral  or  surface  speed  is  maintained.  This  increase  in  wear  is  due 
to  the  fact  that  the  grit  of  a  small  wheel  is  in  contact  with  the  work 
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oftener  owing  to  the  increased  number  of  revolutions  necessary  for  the 
same  surface  speed. 

It  should  always  be  remembered  that  the  thing  to  be  sought  after 
is  maximum  production.  When  choosing  a  grinding  wheel,  for  ex- 
ample, if  one  too  hard  for  the  work  is  selected  with  the  idea  of  reduc- 
ing the  wheel  wear,  the  corresponding  reduction  in  the  output  will 
much  more  than  off-set  the  increased  expense  incurred  by  using  a  softer 
and  more  rapidly  wearing  wheel.  The  wheel  wear,  however,  should 
be  considered,  and,  as  it  is  dependent  upon  the  work  speed,  the  vibra- 
tion of  the  work,  and  depth  of  cut,  these  should  receive  careful  atten- 
tion. When  certain  combinations  of  speed,  feed,  etc.,  have  been  found 
correct  for  a  certain  kind  and  size  of  material,  it  is  advisable  to  record 
this  information  for  future  reference,  for  while  such  data  may  not 
always  be  applicable,  owing  to  a  difference  in  the  grade  of  the  material, 
it  will,  in  many  instances,  enable  one  to  save  considerable  time. 

Composition  of  Grinding  Wheels 

There  are  several  kinds  of  abrasive  materials  used  in  the  manu- 
facture of  grinding  wheels,  and  the  composition  of  the  bond  for  hold- 
ing the  abrasive  grains  together  in  the  form  of  a  wheel  is  also  varied 
to  produce  wheels  adapted  to  different  purposes.  At  one  time  prac- 
tically all  grinding  wheels  were  made  of  emery,  but  other  materials 
possessing  superior  cutting  qualities  are  now  largely  employed  for 
machine  grinding.  Three  of  the  abrasives  commonly  used  in  modern 
grinding  wheels  are  corundum  carborundum  and  alundum.  Both 
emery  and  corundum  are  natural  abrasives,  whereas  the  other  materials 
mentioned  are  produced  artificially.  Corundum  is  much  purer  than 
emery  and  contains  a  much  larger  percentage  of  crystalline  alumina, 
which  is  the  element  in  both  abrasives  that  does  the  cutting. 

Carborundum,  which  is  a  trade  name  for  carbide  of  silicon,  is  a 
product  of  the  electric  furnace.  The  principal  materials  used  in  the 
manufacture  of  carborundum  are  coke  and  sand.  The  coke  is  used  to 
supply  the  carbon,  and  the  sand  the  silicon*.  These  elements  are  placed 
in  an  electric  furnace,  where  they  are  subjected  to  a  temperature  rang- 
ing between  7000  and  7500  degrees  F.,  for  a  period  of  thirty-six  hours. 
In  this  terrific  heat  all  impurities  in  the  coke  and  sand  are  destroyed 
and  the  carbon  and  silicon  unite  to  form  masses  of  carborundum 
crystals.  These  crystals  are  only  inferior  to  the  diamond  in  hardness. 
After  the  furnace  is  cooled  the  masses  of  crystalline  carborundum  are 
crushed  to  grains  which  are  subjected  to  various  forms  of  treatment 
and  are  finely  graded.  Alundum  is  also  made  in  the  electric  furnace 
by  the  fusion  of  a  mineral  called  Bauxite,  which  was  considered  in- 
fusible until  the  invention  of  the  electric' process.  The  chemical  com- 
position of  alundum  is  similar  to  the  ruby  and  sapphire  which  are  the 
hardest  natural  minerals,  except  the  diamond. 

In  the  manufacture  of  grinding  wheels  the  abrasive  grains  are  bound 
together  by  mixing  them  with  an  adhesive  substance  or  "bond."  which 
is  usually  composed  either  of  clays  and  fluxes,  silicate  of  soda,  or 
shellac. 
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The  Vitrified  Process 
When  clays  are  used  they  are  thoroughly  mixed  with  the  abrasive  In 
large  power-driven  mixing  kettles.  This  mixture  is  then  drawn  off 
into  molds  and  dried.  The  wheels  are  then  shaved  off  to  the  proper 
shape  in  a  special  machine,  after  which  they  are  baked  or  burned  con- 
tinuously for  a  period  of  100  hours  or  more,  the  time  depending  upon 
the  size  of  the  wheels.  During  this  baking  process  the  temperature 
is  gradually  raised  until  the  clay  is  partially  melted  and  vitrified.  The 
wheels  are  then  allowed  to  cool  slowly  for  a  week,  and  great  care  must 
be  taken  to  maintain  uniform  temperatures  and  prevent  sudden  changes. 
As  the  cooling  takes  place  the  clay  crystallizes  and  binds  the  abrasive 
grains  firmly  together.  This  is  known  as  the  vitrified  process  and  is 
the  method  employed  for  making  most  grinding  wheels. 

The  Silicate  and  Elastic  Processes 

There  are  two  other  common  methods  of  making  grinding  wheels, 
one  of  which  is  known  as  the  silicate,  and  the  other  as  the  elastic 
process.  With  the  silicate  process,  silicate  of  soda  is  the  principal 
ingredient  of  the  bond.  The  abrasive  grains  are  first  mixed  with  the 
bond  in  special  machines,  and  the  mixture  is  then  tamped  into  molds. 
After  the  wheels  are  molded  they  are  dried  and  baked  in  special  ovens. 
The  temperature  of  these  ovens  is  much  lower  than  is  requird  in  con- 
nection with  the  vitrified  process. 

Wheels  made  by  the  elastic  process  have  shellac  as  the  principal 
ingredient  of  the  bond.  They  are  also  molded  and  then  baked  at  a 
comparatively  low  temperature  to  set  the  shellac.  Wheels  made  by  this 
process  have  great  tensile  strength  and  also  a  certain  amount  of 
elasticity  so  that  very  thin  wheels  can  be  safely  used;  in  fact  elastic 
wheels  only  1/32  inch  thick  are  manufactured.  Elastic  wheels  are  also 
made  by  what  is  known  as  the  Vulcanite  process,  in  which  case  the 
bond  is  composed  of  vulcanized  rubber.  Tough,  thin  wheels  can  be 
produced  by  this  method,  but  they  are  very  expensive. 

The  vitrified  wheel  is  generally  considered  superior  for  most  grind- 
ing operations,  as  it  is  very  porous  and  free  cutting.  It  is  adapted  to 
cylindrical  and  surface  grinding,  and  for  a  variety  of  other  operations. 
Vitrified  wheels  are  difficult  to  make  in  large  sizes  as  they  are  liable 
to  crank  in  the  kiln,  and  the  process  requires  about  four  weeks,  which 
is  sometimes  a  decided  disadvantage.  Silicate  wheels  are  recom- 
mended for  wet  tool  grinding,  wet  surface  grinding  (especially  when 
cup  wheels  are  used),  and  whenever  accuracy  of  grading  is  required. 
Silicate  wheels  can  be  made  in  large  sizes  and  the  process  only  re- 
quires a  few  days,  which  is  an  advantage,  particularly  when  special 
shapes  are  needed. 
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INTERNAL  GRINDING 


The  grinding  of  holes  is  known  as  internal  grinding*  This  class  of 
work  is  done  on  universal  machines  and  also  on  special  types  designed 
exclusively  for  Internal  grinding.  When  a  universal  cylindrical  grinder 
is  employed  for  internal  work  it  is  equipped  with  an  internal  grinding 
attachment.  Fig.  21  shows  how  an  internal  attachment  is  applied  to 
a  Landis  machine.  The  regular  wheel  head  is  turned  half  way  around 
on  its  slide,  and  the  Internal  fixture  A  is  bolted  to  the  front  of  the  slide 
after  the  wheel-guard  has  been  removed.     The  spindle  of  the  internal 


Fig.  21.    Landla  Universal  Grinder  equipped  with  Internal  Grinding  Attachment 

fixture  is  driven  by  a  short  belt  B  connecting  with  a  pulley  which  re- 
places the  regular  grinding  wheel.  The  work  is  held  in  a  chuck 
mounted  on  the  headstock  spindle,  and  the  grinding  is  done  by  a 
wheel  C.  The  wheel  to  use  in  any  case  must,  of  course,  be  somewhat 
smaller  than  the  hole  to  be  ground,  and  the  grinding  is  done  by  travers- 
ing the  wheel  through  the  hole.  The  work  is  rotated  rather  slowly 
when  grinding,  and  the  wheel  cuts  along  one  side  as  it  passes  through. 
The  wheels  used  for  internal  grinding  should  generally  be  softer 
than  those  employed  for  other  grinding  operations,  because  the  contact 
area  between  the  wheel  and  work  is  comparatively  large.  The  wheel 
spindle  is  also  rather  weak  so  that  a  soft  wheel  that  will  cut  with  little 
pressure,  should  be  used  to  prevent  springing  the  spindle.  The  grade 
of  the  wheel  depends  on  the  character  of  the  work  and  the  stiffness  of 
the  machine,  and  where  a  large  variety  of  work  is  being  ground,  it 
may  not  be  practicable  to  have  an  assortment  of  wheels  adapted  to  all 
conditions.    By  adjusting  the  speed,  however,  a  wheel  not  exactly  suited 
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to  the  work  in  hand  can  often  he  used.  If  the  wheel  wears  too  rapidly, 
it  should  he  run  faster,  and  if  it  tends  to  glaze,  the  speed  should  he 
diminished. 

When  adjusting  the  machine  for  grinding  a  hole,  the  length  of  the 
stroke  should  he  regulated  so  that  the  wheel  will  only  travel  beyond 
the  ends  of  the  hole,  one-fourth  or  one-half  its  width,  because  if  it  is 
allowed  to  pass  clear  through  tne  hole,  the  spring  of  the  spindle  will 
cause  the  hole  to  be  ground  "bell-mouthed"  or  large  at  the  ends. 

When  a  hole  is  to  be  ground  straight  or  cylindrical,  the  head  can 
be  accurately  set  by  the  following  method:  Before  attaching  the  in- 
ternal fixture  a  cylindrical  piece  is  gripped  in  the  chuck  and  ground 


Flff.  S3.    Heald  Internal  Grinding  Machine 

externally  with  the  regular  wheel.  When  the  head  is  adjusted  so  that 
this  test  piece  is  ground  straight,  then  it  is  properly  set  for  grinding 
a  straight  or  cylindrical  hole.  The  straightness  of  a  hole  can  also  be 
tested  when  grinding  it,  by  the  following  method:  First  grind  the 
hole  true  with  the  wheel  operating  in  its  normal  position  on  the  rear 
side;  then  bring  the  wheel  into  contact  with  the  opposite  side  of  the 
hole  and,  as  it  passes  through,  note  the  density  of  the  sparks  in  order 
to  determine  whether  the  hole  is  straight  or  tapering.  If  the  wheel 
cuts  heavier  as  it  approaches  the  back  end  of  the  hole  the  latter  is 
smaller  at  that  end,  but  if  the  density  of  the  sparks  becomes  less,  the 
hole  is  smaller  in  front.  When  the  sparking  is  even  on  both  sides  the 
hole  is  straight  or  cylindrical. 

The  work  shown  in  Fig.  21  is  held  in  an  ordinary  three-jawed  chuck, 
but  draw-in   collets  and  special   fixtures   are  often  used   for   Internal 
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grinding.  When  gripping  frail  parts  in  a  chuck,  care  should  be  taken 
to  prevent  springing  them  out  of  shape.  As  the  pressure  of  grinding 
is  comparatively  light,  it  is  not  necessary  to  clamp  the  work  very 
tightly,  although  if  a  part  is  held  insecurely,  it  may  be  shifted  when 
testing  the  diameter  of  the  hole  with  a  plug  gage,  especially  if  the  gage 
sticks  in  the  hole.  Therefore,  a  greater  clamping  pressure  than  is  neces- 
sary for  grinding  is  often  required.  In  the  case  of  thin  bushings  and 
similar  work,  this  matter  of  distortion  is  very  important;  for  work  of 
this  class,  the  Heald  Machine  Co.  recommends  the  use  of  a  special  chuck 
which  clamps  endwise,  thus  avoiding  all  radial  pressure  and  distortion. 
Internal  grinding  is  often  done  dry,  although  cooling  water  should 
be  used  whenever  practicable,  as  it  not  only  keeps  the  work  cool  but 
washes  away  the  chips  and  abrasive.  When  a  part  that  has  been  ground 
dry,  is  being  measured  with  a  plug  gage,  the  latter  may  stick  or  "freeze" 
in  the  hole,  unless  the  work  is  cooled  somewhat  before  inserting  the 
gage.  This  sticking  is  due  to  the  fact  that  the  hole  being  ground  is 
expanded  by  the  frictional  heat  of  grinding  and  when  the  cold  plug 
gage  is  inserted,  the  hole  contracts  and  grips  the  gage.  Internal  grind- 
ing wheels  should  be  kept  true  in  order  to  secure  smooth  accurately 
finished  holes.  A  diamond  tool  is  preferable  for  truing  the  wheel  face, 
although  a  piece  of  some  hard  abrasive  such  as  carborundum  can  be 
substituted.  The  diamond  tool  or  carborundum  "rub,"  as  the  case  may 
be,  should  be  held  in  a  fixed  position  when  in  use. 

Heald  Internal  Grinder 

jl  machine  that  is  designed  especially  for  internal  grinding  is  shown 
in  Fig.  22.  The  grinding  wheel  head  A  is  mounted  on  a  cross-slide 
which  is  carried  by  the  table  B.  The  latter  has  a  reciprocating  move- 
ment on  the  bed  for  traversing  the  grinding  wheel  C  through  the  hole. 
The  work  is  held  in  some  form  of  chuck  D,  or  in  a  special  fixture,  and 
it  is  rotated  by  a  belt  operating  on  pulley  E.  This  belt  connects  with 
a  pulley  overhead,  the  speed  of  which  can  be  varied  by  a  change  gear 
box  forming  part  of  the  countershaft.  This  feature  enables  the  work 
speed  to  be  varied  for  grinding  holes  of  different  diameter.  The  pulley 
F  for  driving  the  wheel  spindle,  is  driven  by  belt  from  an  overhead 
drum  which  allows  the  table  to  move  longitudinally.  The  headstock  is 
mounted  on  a  base  O  which  forms  a  bridge  over  the  table  so  that  the 
latter  can  pass  beneath  it.  The  headstock  can  be  set  to  an  angle  of  45 
degrees  either  side  of  the  center-line,  for  grinding  taper  holes.  The 
table  can  be  operated  by  handwheel  H  or  by  power.  Lever  /  engages 
the  power  feed  clutch,  and  the  stroke  of  the  table  and  grinding  wheel 
is  controlled  by  the  position  of  dogs  J  which  engage  reverse  lever  K. 
The  travel  of  the  table  per  revolution  of  the  work  is  controlled  by 
lever  L.  By  means  of  this  lever  three  rates  of  feed  are  obtained  for 
each  work  speed,  a  coarse  feed  being  used  for  rough  grinding  and  finer 
feeds  for  finishing.  The  cross  feed  for  the  wheel  slide  can  be  operated 
either  by  hand  or  automatically.  The  automatic  feed  mechanism  is 
located  just  back  of  wheel  N  which  is  used  for  the  hand  movement. 
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SURFACE  GRINDING 

The  grinding  of  plane  or  flat  surfaces  is  called  surface  grinding. 
There  are  several  different  types  of  surface  grinders,  some  of  which 
are  adapted  principally  to  tool-room  work,  and  others  to  general  manu- 
facturing. A  common  method  of  grinding  a  flat  surface  is  indicated 
by  the  diagram  A,  Fig.  23.  The  work  w  is  traversed  to  and  fro  beneath 
the  grinding  wheel  O  (as  indicated  by  the  dotted  lines),  and  either 
the  wheel  or  work  is  fed  laterally  (see  end  view)  at  each  end  of  the 
stroke,  so  that  the  periphery  of  the  wheel  gradually  grinds  the  entire 
surface.  Another  method  of  producing  flat  surfaces  is  illustrated  at 
B.  The  wheel  g,  in  this  instance,  is  a  cup  type,  and  the  vertical  sur- 
face a  is  ground  by  being  traversed  past  the  face  of  the  wheel;  hence 
this  is  often  called  face  grinding. 

Diagram  C  illustrates  the  operation  of  a  vertical  surface  grinder. 
The  grinding  is  done  by  either  a  cup  or  ring  wheel  g,  which  revolves 
about  a  vertical  axis.  The  work  w  is  attached  to  a  reciprocating  table 
and  is  traversed  beneath  the  grinding  wheel.  This  type  of  machine  is 
used  quite  extensively,  at  the  present  time,  and  it  has  proved  very 
efficient  for  work  within  its  range.  Diagram  D  illustrates  the  opera- 
tion of  another  vertical-spindle  machine.  In  this  case  the  work  table 
has  a  rotary  instead  of  a  reciprocating  movement.  This  type  is  especi- 
ally adapted  to  grinding  the  sides  of  flat  disk-shaped  parts,  such  as 
saws,  etc.,  and  for  a  variety  of  other  work.  For  example,  to  finish  the 
side  of  a  circular  plate  tc,  wheel  g  is  placed  in  the  position  shown  by 
the  plan  view,  and  the  surface  is  ground  as  the  table  and  work  revolve 
in  the  directions  indicated  by  the  arrows.  The  grinding  is  done  by 
the  lower  edge  or  face  of  the  wheel,  and  the  latter  is  slowly  fed  down- 
ward until  the  part  has  been  ground  to  the  required  thickness. 

The  surface  grinder  is  indispensable  in  the  tool-room  for  truing 
parts  that  have  been  distorted  by  hardening  and  for  producing  fine 
accurate  surfaces.  Many  of  the  machines  built  at  the  present  time 
are  also  efficient  for  producing  flat  surfaces  in  connection  with  manu- 
facturing operations.  Ordinarily  the  surface  grinder  is  used  for  finish- 
ing parts  which  have  been  milled  or  planed  approximately  to  size, 
although  many  pieces  are  ground  from  the  rough  on  the  large  machines 
used  for  manufacturing  purposes. 

Fig.  24  shows  a  plain  surface  grinder  of  medium  size  which  operates 
on  the  principle  illustrated  by  diagram  A,  Fig.  23.  The  part  to  be 
ground  is  attached  to  table  A,  and  the  grinding  is  done  by  wheel  G 
which  can  be  adjusted  to  the  proper  height  by  handwheel  B.  The 
stroke  of  the  table  is  controlled  by  the  position  of  dogs  D  and  Dx  which 
operate  the  reverse  lever  C.  As  the  table  reciprocates,  the  wheel  with 
the  column  which  supports  it,  feeds  laterally  at  each  end  of  the  stroke. 
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The  movement  of  the  table  and  the  lateral  feeding  movement  of  the 
wheel  are  automatic  when  grinding,  but  they  can  be  effected  by  hand 
for  making  adjustments.  Crank  E  is  for  traversing  the  table,  and 
wheel  F  operates  the  hand  cross  feed. 
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Fig.  23.    Diagrams  illustrating:  Four  Methods  of  Surface  Grinding: 

The  belt  which  drives  the  grinding  wheel  connects  with  pulley  H 
and  the  latter  is  driven  by  belt  /  from  an  overhead  shaft.  The  recipro- 
cating movement  of  the  work  table  is  derived  from  the  belts  J  and  K. 
One  of  these  belts  is  open  and  the  other  crossed,  so  that  the  pulleys 
which  they  engage  rotate  in  opposite  directions.  Interposed  between 
these  pulleys  there  is  a  clutch  which  is  splined  to  a  shaft  that  operates 
the  table  driving  mechanism.    This  clutch  is  engaged  with  first  one  pul- 
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ley  and  then  the  other,  whenever  the  dogs  D  strike  lever  C,  thus 
reversing  the  direction  of  the  table's  movement.  The  motion  of  lever 
C  is  transmitted  to  the  clutch  at  the  rear,  by  means  of  suitable  links 
and  levers.  This  movement  of  lever  C  (which  is  caused  by  engagement 
with  dogs  D),  not  only  operates  the  table,  but  also  operates  the 
mechanism  for  feeding  the  grinding  wheel  laterally. 

The  traversing  motion  of  the  work  table  can  be  stopped  automatically 
when  the  wheel  has  fed  across  the  part  being  ground,  by  means  of  a 


Fiff.  24.    Walker  Surface  Grinder  of  Reciprocating*  Type 

trip  mechanism.  In  connection  with  this  mechanism  there  are  two 
adjustable  collars  mounted  on  a  horizontal  rod  located  on  the  left  side  of 
the  machine.  There  is  also  a  trip-finger  attached  to  the  wheel  housing, 
and  whenever  this  finger  engages  one  of  the  collars,  the  horizontal  rod 
is  shifted  slightly,  which  makes  it  impossible  for  the  reverse  clutch  at 
the  rear  to  engage  the  driving  pulleys;  consequently,  the  reciprocating 
motion  of  the  table  is  stopped.  The  point  at  which  the  trip  mechanism 
operates,  depends  upon  the  position  of  the  stop-collars  which  are  ad- 
justed so  that  the  table  will  stop  after  the  wheel  has  passed  across  the 
surface  to  be  ground. 
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Some  surface  grinaers  which  grind  with  the  periphery  of  the  wheel 
like  the  machine  illustrated  in  Fig.  24,  are  designed  along  the  lines  of 
an  ordinary  planer;  in  fact  the  construction  is  almost  identical  except 
that  a  grinding  wheel  is  mounted  on  the  crossrail,  instead  of  a  tool- 
head.  When  this  type  of  machine  is  in  operation,  the  work  table  recip- 
rocates and  the  wheel  feeds  laterally  across  the  surface  to  be  ground. 

Horizontal  Face  Grinding  Machine 

A  face  grinding  machine  is  illustrated  in  Fig.  25.  This  type  operates 
by  traversing  the  work  past  the  face  of  ring-wheel  G,  as  previously  ex- 
plained in  connection  with  diagram  B,  Fig.  23.  The  part  being  ground 
is  clamped  to  table  A  which  has  an  automatic  reciprocating  movement. 


Fig.  86.    Diamond  Motor-driven  Face  Grinder 

The  length  of  the  stroke  is  regulated  by  dogs  (not  in  place)  which 
engage  reverse  lever  C.  The  wheel  has  an  adjustable  automatic  power 
feed,  and  both  the  wheel  and  work  table  can  be  moved  by  hand.  This 
particular  machine  is  driven  by  a  motor  D  which  is  connected  to  the 
wheel  spindle  by  a  belt. 

The  face  grinder  has  some  advantages  over  the  type  of  machine 
using  a  wheel  that  grinds  on  the  periphery.  In  fact,  the  advantages 
are  similar  to  those  which  a  face  milling  cutter  has  over  an  axial 
milling  cutter.  In  the  first  place,  the  power  consumption  is  less  and 
plane  surfaces  are  produced  with  fewer  passes  of  the  grinding  wheel. 
The  radius  of  a  cup  wheel  also  remains  the  same  until  it  is  worn  out, 
instead  of  changing  constantly,  as  with  a  disk  wheel.  The  type  of 
face  grinder  shown  in  Fig.  25,  is  generally  used  for  grinding  quite 
heavy  parts  and  it  is  especially  adapted  to  that  class  of  work  which 
can  be  held  to  better  advantage  when  the  surface  to  be  finished  is  in 
a  vertical  plane.     For  example,  the  ends  of  rather  long  castings,  such 
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as  machine  legs,  etc.,  can  easily  be  ground  on  this  style  of  grinder, 
because  the  work  can  be  clamped  to  the  table  of  the  machine,  in  a 
horizontal  position.  Evidently  it  would  be  impracticable  to  grind  work 
of  this  class  on  a  machine  having  a  vertical  spindle,  because  the  cast- 
ings would  have  to  be  held  in  an  upright  position.  The  horizontal  face 
grinder  is  often  used  in  locomotive  shops  for  truing  or  finishing  the 
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Pig.  26.    Pratt  &  Whitney  Vertical  Surface  Grinder 

bearing  surfaces  of  guide-bars,  and  it  can  be  employed  to  advantage 
for  many  other  grinding  operations. 

Vertical  Surface  Grinder 
Fig.  26  shows  a  surface  grinder  of  the  vertical  type.  The  grinding 
is  done  by  ring  or  cup  wheel  G  which  covers  the  full  width  of  the  work. 
With  this  machine,  the  work  can  be  given  either  a  reciprocating  or 
rotary  motion,  depending  upon  the  shape  of  the  part  being  ground. 
For  grinding  rectangular  surfaces,  or  parts  that  should  move  in  a 
straight  line  beneath  the  wheel,  the  table  A  is  given  a  reciprocating 
movement,  the  length  of  which  is  controlled  by  dogs  in  the  usual  man- 
ner. On  the  other  hand,  the  sides  of  saws,  rings  or  flat  disk-shaped 
parts  are  rotated  while   being  ground,  by  placing  them   on  a  rotary 
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chuck  which  is  mounted  on  the  grinder  table.  When  the  rotary  chuck 
is  in  use,  the  table  remains  stationary. 

It  will  be  seen  from  the  foregoing  that  this  machine  operates  either 
as  illustrated  by  diagram  C,  Fig.  23,  or  as  Bhown  by  diagram  D.  The 
grinding  wheel  and  its  spindle  is  carried  by  a  head  B  which  can  be  fed 
vertically  on  the  face  of  the  column.  The  vertical  feed  can  be  operated 
automatically  or  by  hand,  and  be  disengaged  automatically  at  any  pre- 
determined point.  The  reciprocating  table  has  two  rates  of  feed  or 
travel  and  it  can  be  moved  by  hand,  if  desired.  This  grinder  is  equipped 
with  a  pump  for  supplying  cooling  water  to  the  wheel.  The  water  is 
pumped  into  the  hollow  spindle,  at  the  top,  and  passes  down  to  the 
inside  of  the  grinding  wheel,  after  which  it  is  driven  outward  by  cen- 
trifugal force  between  the  wheel  and  the  work.  An  outside  stream  of 
cooling  water  is  also  provided  and  the  table  is  surrounded  by  a  water 
guard  C  which  prevents  the  water  from  flying  about. 

The  vertical  type  of  grinder  can  be  used  advantageously  for  grinding 
long  rectangular  surfaces,  disk-shaped  parts  (by  using  the  circular 
attachment)  and  it  is  very  efficient  for  grinding  a  number  of  small 
castings  simultaneously.  When  several  parts  are  to  be  ground  at  the 
same  time,  they  are  grouped  on  the  table  of  the  machine  or  on  a  mag- 
netic chuck,  so  that  the  wheel  will  grind  each  casting  as  the  table  feeds 
along.  It  is  comparatively  easy  to  hold  several  small  castings  on  a 
grinder  of  this  type,  because  they  are  placed  horizontally  on  the  ma- 
chine, and,  as  the  wheel  operates  on  the  top  surfaces,  the  pressure  of 
grinding  is  mostly  downward  against  the  table  and  bed,  which  provide 
a  solid  unyielding  support.  This  type  of  machine  is  used  extensively 
for  grinding  from  the  rough;  that  is,  castings  or  forgings  are  finished 
by  grinding  without  any  preliminary  machining  operation,  such  as 
planing  or  milling.  This  practice  is  followed  when  it  is  not  necessary 
to  remove  very  much  metal. 

Rotary  Surface  Grinder 

Still  another  type  of  surface  grinder  is  shown  in  Pig.  27.  This  ma- 
chine is  designed  for  rotary  grinding  exclusively,  the  principle  of  its 
operation  being  indicated  by  diagram  Z),  Fig.  23.  A  cup  wheel  Q  is 
carried  by  an  upper  slide  B  and  the  work  is  held  on  a  rotary  magnetic 
chuck  C  mounted  on  lower  slide  D.  The  wheel  spindle  is  driven  from 
a  horizontal  shaft  at  the  rear  by  a  quarter-turn  belt,  as  shown,  whereas 
the  work  table  is  driven  from  drum  pulley  E.  When  the  machine  is  in 
operation,  the  wheel  is  fed  down  against  the  work  until  the  latter  is 
finished  to  the  required  thickness,  by  operating  hand-lever  F.  The 
wheel  slide  is  fed  against  a  positive  stop,  and  the  thickness  of  the  work 
is  varied  by  adjusting  the  lower  slide  which  is  equipped  with  a  ver- 
tical feed  screw.  This  screw  is  operated  by  handwheel  H  which  is 
graduated  to  thousandths  of  an  inch.  When  the  lower  slide  has  been 
set,  its  position  is  not  changed  for  successive  operations  except  to  com- 
pensate for  wheel  wear. 

The  link-and-lever  mechanism  seen  at  the  side  of  the  column,  con- 
nects the  wheel  slide  with  a  jaw  clutch  inside  the  work-table  driving 
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drum,  and  disconnects  this  drum  from  the  shaft  on  which  it  is 
mounted,  when  the  wheel  slide  is  in  the  upper  position.  By  this  means, 
the  work  spindle  is  automatically  stopped  whenever  the  wheel  is  raised 
from  the  work.  As  the  wheel  is  moved  vertically  by  lever  F,  it  will  be 
seen  that  the  latter  controls  the  starting  and  stopping  of  the  work-table. 
This  lever  also  controls  the  magnetizing  current  for  the  chuck,  and 
the  demagnetizing  current  for   neutralizing  the   residual   magnetism 


Flff.  97.    Walker  Rotary  Surface  Grinder 

always  found  in  a  magnetic  chuck  after  the  electric  current  has  been 
switched  off.  If  desired,  the  drum-clutch  operating  mechanism  can  be 
disengaged,  and  the  motion  of  the  work-table  be  controlled  independ- 
ently by  means  of  the  foot  lever  seen  at  the  base  of  the  machine. 

This  machine  can  be  used  for  concave  grinding,  in  which  case  the 
knee  supporting  the  work-table  is  tilted  to  the  required  angle.  Work 
having  a  concave  surface  is  not  held  directly  against  the  magnetic 
chuck,  but  on  an  auxiliary  plate.  The  magnetic  power  of  the  main 
chuck  is  transmitted  through  this  auxiliary  plate,  the  upper  surface 
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of  which  is  shaped  to  suit  the  surface  of  the  work.  The  use  of  an 
auxiliary  plate  in  connection  with  the  grinding  of  a  milling  saw  is 
illustrated  in  Fig.  28.  After  the  saw  is  ground  concave  on  one  side,  it 
is  held  for  grinding  the  opposite  side  on  a  plate  A  having  a  convex 
face.  If  the  saw  were  held  for  grinding  the  last  side  against  the  flat 
face  of  the  regular  chuck,  it  would  be  sprung  down  in  the  middle,  so 
that  both  sides  would  not  be  finished  alike,  or  to  the  same  concavity. 
Fig.  29  shows  how  a  number  of  parts  can  be  ground  simultaneously  on 
a  rotary  surface  grinder.  In  this  instance,  three  castings  are  arranged 
in  a  group  on  the  magnetic  chuck,  in  such  a  way  that  they  support 
each  other  to  some  extent,  while  the  top  surfaces  are  being  ground  fiat 
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Pig.  28.    Grinding  Side  of 
Saw  Concave 


Fig.  20.    Grinding  Three  Castings 
Simultaneously 


These  views  indicate,  in  a  general  way,  the  kind  of  work  that  is  ground 
on  a  machine  of  this  type. 

Use  of  Magnetic  Chucks 

The  method  of  holding  work  to  the  table  of  a  surface  grinder  depends. 
of  course,  more  or  less  on  the  shape  of  the  part  to  be  ground.  Ordinary 
clamps  and  bolts  are  sometimes  used,  but  where  electric  power  is 
available,  magnetic  chucks  are  preferable  for  most  work.  The  magnetic 
chuck  is  a  special  form  of  electro  magnet  which  is  connected  by  wires 
and  a  control  switch,  with  the  electric  power  circuit.  The  top  surface 
against  which  the  parts  are  held,  has  a  series  of  positive  and  negative 
holes  which  are  separated  by  an  insulating  material.  When  in  use, 
the  chuck  is  clamped  onto  the  table  of  the  surface  grinder,  and  the 
work  is  held  by  magnetic  force  when  the  current  is  turned  on. 

A  rectangular  magnetic  chuck  is  illustrated  in  Fig.  30.  This  is  the 
form  used  on  surface  grinders  of  the  reciprocating  type,  whereas  for 
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rotary  grinders,  round  chucks  are  employed.  The  control  switch  is 
located  at  D,  and  the  work  is  held  against  surface  A  which  has  a  num- 
ber of  positive  and  negative  poles,  as  the  engraving  shows.  There  is  a 
thin  steel  aligning  strip  B  attached  to  the  rear  side  of  the  chuck  and 
also  a  vertically  adjustable  back-rest  C  which  is  used  to  support  parts 


Fig.  SO.    Walker  Magnetic  Chuck 

that  are  high  in  proportion  to-  their  width.  In  addition,  there  is  an 
end-stop  E  having  vertical  adjustment.  The  work  to  be  ground  is 
simply  laid  on  the  chuck  face,  against  end-stop  E  and  the  back-rest  C. 
The  slotted  fingers  E  which  are  provided  on  this  particular  chuck,  are 
also  used,  in  some  cases,  to  stay  the  work  edgewise  and  prevent  it  from 
shifting.  Magnetic  chucks  are  sometimes  used  on  planers,  as  well  as 
surface  grinders,  in  which  case  fingers  E  are  of  especial  value. 

This  chuck  is  equipped  with  a  duplex  switch  which  enables  the  chuck 
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Flff.  81.    Bud  Views  illustrating  Different  Methods  of  holding  Work 
on  Magnetic  Chuck 

face  to  be  demagnetized  so  that  work  can  easily  be  removed  after  the 
grinding  operation.  This  demagnetizing  is  accomplished  by  simply 
reversing  the  current  through  the  chuck  coils,  momentarily,  until  the 
residual  magnetism  is  removed.  In  order  to  do  this,  the  switch  is 
opened  and  moved  until  the  switch  bars  are  nearly  in  contact  with  the 
posts  at  the  opposite  end  of  the  switch.     The  handle  is  then  gripped 
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tightly  with  the  tips  of  the  fingers,  and  the  bars  are  quickly  moved  in 
and  out  of  contact  with  the  posts.  This  movement,  when  timed  cor- 
rectly, will  remove  the  magnetism  lift  by  the  previous  charge.  When 
demagnetizing,  if  the  contact  should  be  for  too  long  a  period,  the  chuck 
will  simply  become  oppositely  charged,  and  in  such  a  case  it  can  be 
discharged  again  by  making  quick  contact  with  the  posts  on  the  oppo- 
site side.  It  should  be  mentioned  that  this  switch  does  not  demagnetize 
the  work  itself.  This  is  necessary,  however,  for  certain  classes  of  work, 
because  some  materials  become  more  or  less  permanently  magnetized 
and  this  causes  them  to  attract  small  particles,  which  is  sometimes 
quite  objectionable.  When  the  work  must  be  demagnetized,  a  special 
apparatus  called  a  demagnetizer  is  used. 

The  way  the  back-rest  C  of  the  magnetic  chuck  shown  in  Fig.  30,  is 
used  is  illustrated  by  the  diagrams  A  and  B,  Fig.  31,  which  represent 
end  views  of  the  chuck.  The  operation  is  that  of  grinding  a  true 
rectangular  block  w.  While  the  sides  are  being  ground,  the  'block  is 
held  as  indicated  at  A.  The  edges  are  then  ground  square  with  the 
sides  by  holding  the  block  against  the  aligning  strip  and  back-rest,  as 
shown  at  B.  Sketch  C  shows  how  a  number  of  strips  are  held  on  the 
chuck  and  ground  simultaneously.  When  parts  are  arranged  in  this 
way,  it  is  sometimes  advisable  to  place  magnetic  insulating  strips  of 
brass  or  paste-board  between  them,  so  that  the  magnetism  will  get  an 
independent  grip  on  each  piece  and  hold  it  firmly  against  the  face  of 
the  chuck. 

Sketch  D,  shows  how  a  piece  is  sometimes  held  for  grinding  the  sides 
square  to  each  other.  Two  of  the  sides,  as  at  a  and  0,  are  first  ground 
by  holding  the  work  directly  against  the  face  of  the  magnetic  chuck. 
One  of  these  finished  sides,  as  at  0,  is  then  held  against  the  vertical 
surface  of  an  accurately  finished  square  block  e,  while  the  upper  side  is 
ground.  The  lower  side,  instead  of  resting  directly  on  the  chuck  face, 
is  placed  upon  a  piece  of  drill  rod  to  reduce  the  contact  area.  In  this 
way,  the  work  is  held  more  securely  against  block  e,  than  against  the 
chuck  face,  because  the  holding  power  depends  upon  the  area  of  the 
surface  in  contact  with  the  magnetized  part.  If  the  side  d  were  in 
direct  contact  with  the  chuck  face,  side  0  might  not  be  held  evenly 
against  block  e,  in  which  case  the  work  would  not  be  ground  square. 
In  this  instance,  the  work  is  further  secured  by  a  block  on  the  right 
side  which  is  separated  by  drill  rod  to  reduce  the  contact  area. 

Magnetic  chucks  are  made  in  many  different  styles  and  shapes.  Some 
are  so  arranged  that  the  clamping  face  can  be  set  at  any  angle  for  taper 
grinding  and  others  have  faces  that  are  vertical.  There  is  also  the 
rotary  type  which  has  previously  been  referred  to,  and  other  special 
designs.  The  rotary  form  is  used  when  a  continuous  rotary  movement 
is  required,  instead  of  a  reciprocating  motion. 
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Automatic  Screw  Machine  Practice  for  the  Brown  ft  Sharpe  auto- 
matic screw  machines  is  covered  in  eight  Reference  Books.  Nos.  99  to 
106,  inclusive.  Reference  Book  No.  99,  "Operation  of  the  Brown  ft 
Sharpe  Automatic  Screw  Machines/'  deals  with  the  construction  of 
these  machines  and  the  setting-up  of  the  tools.  No.  100,  "Designing  and 
Cutting  Cams  for  Automatic  Screw  Machines/'  gives  detailed  instruction 
on  cam  design,  and  describes  a  simplified  method  for  milling  cams. 
No.  101,  "Circular  Form  and  Cut-off  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  general  arrangement  and  the  calculations  of 
these  tools,  and  describes  the  different  methods  employed  In  their 
making.  No.  102,  "External  Cutting  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  design  and  construction  of  box-tools,  taper 
turning  tools,  hollow  mills,  and  shaving  tools.  No.  103,  "Internal  Cut- 
ting Tools  for  the  Automatic  Screw  Machine,"  deals  with  centering 
tools,  cross-slide  drilling  attachments,  counterbores,  reamers,  and  re- 
cessing tools. '  No.  104,  "Threading  Operations  on  the  Automatic  Screw 
Machine,"  treats  on  cam  design  for  threading  operations,  threading 
dies,  taps  and  tap  drills,  die  and  tap  holders,  and  thread  rolling.  No. 
105,  "Knurling  Operations  on  the  Automatic  Screw  Machine,"  describes 
the  construction  of  knurling  holders,  and  gives  directions  for  the  mak- 
ing of  knurls  and  the  design  of  tools  and  cams  used  in  connection  with 
knurling  operations.  No.  106,  "Milling,  Cross-drilling  and  Burring 
Operations  on  the  Automatic  Screw  Machine,"  describes  screw-slotting 
attachments,  index  drilling  attachments,  and  burring  attachments,  giv- 
ing directions  for  their  use  and  for  the  design  of  cams  for  them. 
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CHAPTER  I 


CONSTRUCTION  OF  THE  BROWN  &  SHARPE 
AUTOMATIC  SCREW  MACHINES 

The  object  of  this  treatise  is  to  give  the  operator  a  clear  idea  of  the 
construction  of  the  Brown  ft  Sharpe  automatic  screw  machines,  so  as 
to  enable  him  to  operate  these  machines  to  the  best  advantage.  The 
various  mechanisms,  together  with  their  functions  and  operation,  will 
be  dealt  with  in  detail,  and  the  procedure  to  follow  in  setting  the  tools 
held  in  the  turret  and  on  the  cross-slide  will  be  illustrated  and  de- 
scribed. The  No.  00  Brown  &  Sharpe  automatic  screw  machine,  front, 
rear  and  plan  views  of  which  are  shown  in  Figs.  1,  2  and  3,  is  made 
the  main  subject  of  this  treatise,  but  wherever  the  Nos.  0  and  2  ma- 
chines differ  in  construction,  these  differences  will  be  explained.  A 
brief  description  of  the  principal  features  of  automatic  turret  forming 
and  cutting-off  machines  will  also  be  included,  together  with  tabular 
and  other  data  of  value  to  the  operator. 

Principles  of  Operation 

Before  proceeding  with  the  description  of  the  construction  of  the 
Brown  ft  Sharpe  automatic  screw  machines,  the  general  principles  of 
operation  will  be  briefly  outlined.  The  work  spindle  is  driven  from 
the  overhead  works  by  friction  pulleys  A  and  Bt  see  Figs.  1  and  2,  by 
open  and  cross  belts,  thus  providing  for  the  rotation  of  the  work  in 
either  direction.  The  other  operating  mechanisms  receive  their  mo- 
tion from  the  driving  shaft  0.  at  the  rear  (see  Fig.  7),  which  is  driven 
by  pulley  C  from  the  over-head  works.  The  driving  shaft  carries  all 
the  clutches  and  tripping  mechanisms  for  starting  the  machine,  index- 
ing the  turret,  reversing  the  spindle,  feeding  the  stock,  and  opening 
and  closing  the  collet,  and  also  drives  the  front  camshaft  D,  and  the 
lead  camshaft  through  a  worm  and  worm-wheel  and  spur  and  bevel 
gearing. 

The  camshafts,  which  carry  plate  cams  for  operating  the  front  and 
rear  cross-slides  E  and  F  and  turret  slide  0,  are  driven  at  the  required 
speed  for  the  different  jobs  by  means  of  change  gears  H.  A  set  of 
plate  cams  is  made  up  for  each  Job;  the  cams  are  held  on  the  shafts 
in  their  correct  relation  to  each  other  by  means  of  locating  pins.  The 
turret  7,  which  carries  the  end-working  tools,  is  provided  with  six 
holes,  and  is  indexed  by  means  of  tripping  levers  operated  by  adjust- 
able dogs  held  on  drum  J.  Drum  K  carries  dogs  for  operating  the 
collet  opening  and  closing  and  feeding  mechanisms.  The  spindle  is 
reversed  when  cutting  a  thread  by  adjustable  dogs  held  on  drum  L, 
which  can  be  detached  from  camshaft  D  by  separating  coupling  M. 
The  length  of  feed  is  controlled  by  rotating  crank  N;  turning  it  to  the 
.  right  increases  the  length  of  feed,  and  turning  it  to  the  left  shortens 
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it.  The  machine  is  started  and  stopped  by  throwing  the  clutch  O  in  or 
out  by  means  of  handle  P.  When  the  bar  is  exhausted  a  bell  R  is  rung 
to  notify  the  operator. 

Construction  of  the  Spindle 

The  spindle  A„  see  Fig.  4,  runs  in  phosphor-bronze  bearings  Bx  and 
Cx.  The  front  bearing  Bx  is  split  and  tapered,  and  is  adjusted  by  means 
of  nuts  Dx  and  Eu  in  case  of  wear.  A  brass  liner  is  placed  in  the  slot 
in  the  bearing,  and  when  the  latter  is  worn,  this  liner  should  be  re- 
moved, reduced  to  the  required  thickness,  and  replaced.  When  the 
liner  is  replaced,  nut  Dx  should  be  tightened.    This  bearing  is  also  pro- 


Flflr.  1.    Front  View  of  No.  OO  Brown  &  Sharp*  Automatic  Screw  Machine 

vided  with  saw  slots  around  its  circumference,  in  which  strips  of 
wood  are  inserted,  so  that  the  bearing  will  have  more  flexibility  and 
yield  more  easily  to  the  adjusting  nuts. 

The  rear  bearing  Cx  is  made  straight,  and  is  held  in  the  box  by  nuts 
Fx  and  Ox.  The  thrust  is  taken  at  the  rear  of  the  spindle,  the  thrust 
bearing  consisting  of  a  hardened  steel  washer  Ht  and  a  bronze  washer 
Ix.  Washer  Hx  is  held  against  a  shoulder  on  the  end  of  the  spindle  by 
nut  Ox  and  loose  washer  Ilt  the  latter  running  against  the  hardened 
and  ground  inside  face  of  nut  Ox.  To  take  up  the  end  play  of  the 
spindle,  loosen  nut  Fx  and  tighten  nut  G„  locking  them  in  place  again 
after  adjusting. 

The  pulleys  A  and  B  which  drive  spindle  Ax  through  friction  clutch 
8,  are  driven  by  open  and  cross  belts  from  the  countershafting.  The 
pulleys  rotate  freely  on  the  spindle,  being  provided  with  steel  bushings 


Digitized  by  VjOOQIC 


GENERAL  CONSTRUCTION  5 

Jx  and  rollers  Kx  which  are  held  in  bronze  cages  Lx.  The  rollers  run 
on  the  hardened  and  ground  part  of  the  spindle.  The  pulleys  are  oiled 
from  oil  reservoirs,  the  latter  being  filled  by  removing  screws  Mt.  Any 
good  machine  oil  is  suitable  for  oiling  these  pulleys. 

Friction  Clutches 

The  friction  clutch  body  S  i3  tapered  to  an  angle  of  12  degrees  at 
each  end,  and  comes  in  contact  with  the  driving  pulleys  A  or  B,  when 
shifted  in  either  the  one  or  the  other  direction.  It  is  made  from  phos- 
phor-bronze, turned  cone-shaped  on  each  end,  and  slotted  to  hold  clutch 
levers  N19  which  are  made  from  double-shear  steel.  These  clutch  levers 
are  held  in  the  clutch  body  by  screws,  and  are  fulcrumed  in  notches 
cut  in  the  spindle.  The  clutch  sleeve  Ot  which  operates  on  these  levers 
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Fig*.  2.    Rear  View  of  No.  OO  Brown  &  Sbarpe  Automatio  Screw  Machine 

is  slotted  to  hold  hardened  steel  shoes  Px  which  bear  on  the  hardened 
ends  of  the  clutch  levers. 

The  coned  ends  of  the  clutch  body  are  forced  into  the  pulleys  by 
sliding  sleeve  Ox  over  levers  Nx.  When  sleeve  0,  is  forced  to  the  right 
it  depresses  the  right-hand  end  of  levers  Nlf  and  as  the  lower  portion 
of  these  levers  are  fulcrumed  in  the  spindle,  which  cannot  move  longi- 
tudinally, it  is  evident  that  this  action  must  move  the  clutch  body,  be- 
cause the  levers  are  held  to  it  by  screws.  When  the  sleeve  Ox  is  forced 
in  the  opposite  direction,  the  same  action  takes  place,  the  cone-end  of 
the  clutch  body  engaging  with  the  pulley  to  the  left  To  adjust  the 
clutches  to  provide  for  wear,  pulleys  A  and  B  are  moved  in  towards 
the  cones  of  the  clutch  body  by  loosening  set-screws  Qx  and  adjusting 
the  nuts  Rx. 

The  clutch  sleeve  Ox  is  set  central  by  means  of  screws  T,  Fig.  3.  In 
making  this  adjustment  a  slight  play  should  be  allowed  in  the  clutch 
fork  U  to  avoid  friction,  except  at  the  point  of  reversal.  Care  should 
also  be  taken  not  to  run  in  the  screws  V  too  far  into  the  clutch  ring  W, 
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so  as  to  split  it.    This  clutch  is  made  In  halves  and  held  together  by 
pins. 

On  the  No.  00  machine,  the  spindle  is  reversed  to  run  backwards  by 
means  of  the  spring  plunger  Y,  Fig.  2,  and  on  the  Nos.  0  and  2  ma- 
chines by  the  cam  A..  The  spring  plunger  on  the  No.  00  machine, 
when  released,  instantly  engages  the  cone  of  the  clutch  with  the  pulley 
nearest  the  collet,  and  rotates  the  spindle  backwards.  To  run  forward, 
the  clutch  is  operated  by  the  cam  A2  to  engage  pulley  B.  Cam  A„  in 
turn,  is  operated  by  clutch  B2,  and  is  released  by  lever  C2,  one  revolu- 
tion of  the  driving  shaft  being  required  for  the  No.  00,  and  %  revolu- 
tion for  the  Nos.  0  and  2  machines.  Lever  C,,  again,  is  operated  by  a 
dog  held  on  drum  L  on  the  front  camshaft,  .see  Figs.  1  and  6. 

Operation  of  the  Spring*  Collet 
The  spring  collet  Su  Fig.  4,  which  holds  the  work,  is  held  in  sleeve 
Tx  in  the  front  end  of  the  spindle.    This  sleeve  is  driven  by  a  pin  in 


Fiff.  8.    Plan  View  of  No.  OO  Brown  &  Sharpe  Automatic  Screw  Machine 

the  spindle,  which  fits  in  a  slot  cut  in  the  sleeve.  The  front  end  of  the 
sleeve  Is  ground  tapered  and  fits  over  the  collet  8t.  The  collet  has  no 
end  play,  being  held  tightly  against  the  inside  ground  face  of  the  cap 
Uu  thus  insuring  accurate  feeding  of  the  stock  regardless  of  any  slight 
variation  in  size.  Spring  collet  8t  is  closed  by  means  of  sleeve  Tu 
which  slides  over  it  and  is  operated  by  tube  Vx.  This  tube,  on  the 
Nos.  00  and  0  machines,  extends  through  the  spindle  to  the  levers  W„ 
which,  in  turn,  are  acted  upon  by  sleeve  Y  through  lever  Da  and  cam 
E2f  Figs.  1  and  6. 

The  collet  closing  and  stock  feeding  mechanism  are  operated  by  the 
same  cam  E3  (on  the  Nos.  00  and  0  machines),  which  is  driven  through 
spur  gears  F2  and  positive  clutch  Q21  Figs.  2  and  7.  Clutch  03  is  en- 
gaged by  depressing  lever  H2  by  a  dog  held  on  drum  K  (see  Figs.  1  and 
6J.  The  driving  shaft  makes  one  revolution,  whereupon  the  clutch 
is  disengaged  by  the  pin  lever  H2,  Fig.  7,  acting  upon  the  cam  surface 
of  the  clutch,  returning  it  to  its  original  position — out  of  mesh. 
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To  adjust  spring  collet  &„  Fig.  4,  loosen  nut  12  and  turn  nut  J2  until 
the  holding  capacity  of  the  clutch  is  properly  regulated ;  then  re-tighten 
nut  It  and  lock  both  nuts  by  means  of  the  spanner  wrenches  provided 
for  this  purpose.  Great  care  should  be  exercised  in  adjusting  these 
nuts.  If  they  are  so  adjusted  that  the  collet  8t  bears  too  tightly  on 
the  work,  either  the  collet  or  closing  levers  Wt  will  be  broken.    A  good 


Piff.  4.    Section 

Brown  & 


jfta  Spindle,  Boxes,  Pulleys,  etc..  of  the  No.  00 
Automatic  Screw  Machine 


method  to  follow  in  regulating  the  proper  grip  of  the  collet  upon  the 
work  is  to  adjust  nuts  J2  and  J„  and  then  test  the  grip  of  the  collet 
by  operating  fork  D2  by  means  of  the  handle  K2  (see  Figs.  1  and  3). 
In  this  way  the  proper  grip  can  be  secured  without  difficulty. 

On  the  No.  2  machine  the  sleeve  Tt  (see  Fig.  5)  is  forced  over  the 
collet  &  directly  by  the  levers  W„  the  latter  being  operated  by  sleeve 
Yt  and  a  cam  on  the  intermediate  shaft  directly  under  the  spindle. 


Flff.  5.    Section  through  Spindle,  Boxes.  Pulleys,  etc..  of  the  No.  2 
Brown  <fe  Bhsrpe  Automatic  Screw  Machine 

To  adjust  the  grip  of  the  collet  on  the  stock,  loosen  the  clamp  screw 
in  nut  L„  and  turn  the  knurled  nut  toward  the  front  of  the  machine 
to  tighten  the  collet,  reversing  the  direction  of  the  nut  to  loosen  it 

Operation  of  the  Feeding  Mechanism 

The  feeding  mechanism  derives  its  motion  from  pulley  C  through 
spur  gear  F2  (Fig.  2)  to  gear  M2  on  central  shaft  N2  (Fig.  10).  Pulley 
C  is  engaged  by  a  positive  clutch  0  (Fig.  7),  which  is  brought  into 
action  by  means  of  the  starting  lever  P;  in  this  way  the  feed  is  always 
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under  complete  control.  The  stock  is  fed  out  by  means  of  a  feed 
finger  02  (Fig.  4),  which  is  provided  with  a  left-hand  thread,  and  is 
screwed  into  the  feed  tube  P2t  the  latter  passing  completely  through 
the  spindle.  The  outer  end  of  the  feed  tube  is  connected  to  the  feed- 
ing mechanism  or  slide  by  means  of  a  latch  Q2,  Figs.  7  and  8.  The 
feed  slide  carrying  the  latch  has  a  slot  cut  in  it,  in  which  is  a  sliding 
block  connected  to  arm  Rlt  the  latter  being  operated  by  cam  Ea.  The 
sliding  block  is  adjusted  in  the  feed  lever  by  means  of  a  screw  and 
crank  N,  and  as  the  arm  A,  always  moves  a  fixed  distance,  the  length 
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Fig*.  8.    Rnd  Hlevation  of  the  No.  OO  Machine  •bowing*  OoUet 
Operating"  Mechanism 

of  the  feed  is  obtained  by  varying  the  position  of  the  block.  A  gradu- 
ated scale  which  indicates  the  length  to  which  the  stock  is  fed,  is 
mounted  on  the  feed  slide. 

When  it  is  desired  to  change  the  feeding  finger,  the  feed  tube  can 
«he  withdrawn  by  lifting  the  latch.  The  feeding  of  the  stock  can  be 
discontinued  by  turning  up  dog  fif2,  Fig.  6,  attached  to  lever  T„  thus 
allowing  the  trip  dogs  on  the  drum  K  to  pass  by  without  raising  the 
lever.  When  it  is  desired  to  feed  stock  more  than  the  usual  capacity 
of  the  machine,  two  or  more  dogs  can  be  placed  on  the  left  side  of  the 
drum,  and  the  feeding  mechanism  operated  several  times. 

Operation  of  the  Cross-slides 
The  front  and  rear  cross-slides  E  and  F  are  operated  by  plate  cams 
U2  and  V2  held  on  the  front  camshaft  D,  Figs.  6  and  9."   The  front 
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cross-slide  is  operated  by  a  direct  lever  or  segment  gear  W2  that  has 
teeth  cut  In  Its  upper  end  meshing  In  a  rack  Y3;  which,  in  turn,  fits  in 
a  slot  in  the  base  of  the  cross-slide.  This  rack  is  threaded  on  one  end 
and  is  provided  with  a  split  adjusting  nut  Aa  which  is  used  for  chang- 
ing the  position  of  the  cross-slide  relative  to  the  center  of  the  spindle. 
The  screw  binding  these  nuts  should  always  be  tightened  after  the 
cross-slide  has  been  set  to  travel  the  required  distance.  The  rear  cross- 
slide  is  fitted  up  in  the  same  manner,  but  is  operated  through  an  inter- 
mediate lever  or  segment  gear  Bs  to  reverse  the  motion,  thus  bringing 
the  cams  for  operating  both  slides  in  a  convenient  position. 


Fig-.  0.    Partial  Section  of  No.  OO  Machine  showing  Operation  of  Cross-elides 

The  cross-slides  are  made  to  travel  to  exactly  the  same  point  by  set- 
screw  C,  which  comes  in  contact  with  stop  D%.  The  cross-slides  E  and 
F  are  returned  to  their  "back"  position  by  means  of  coll  springs  and 
plungers  Et,  the  latter  coming  in  contact  w)th  plugs  F%  screwed  into 
the  cross-slides.  When  setting  the  circular  form  and  cut-off  tools,  the 
slides  can  be  operated  by  hand  by  means  of  a  rod  inserted  into  holes 
provided  for  that  purpose  in  the  ends  of  the  slide-operating  segment 
gears. 

The  cross-slide  tools  are  circular  in  form,  and  are  held  by  screws  J» 
to  the  toolposts  J9,  the  latter  being  retained  on  the  cross-slides  by 
T-bolts  and  nuts  Kt.  Eccentric  nuts  are  provided  on  the  screws  Lt  at 
the  rear  of  the  toolpost,  which  make  it  possible  to  easily  and  quickly 
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adjust  the  circular  tools  to  the  proper  height.  Additional  clamping 
means  for  the  circular  tools  are  provided  for  hy  hook-belts  and  nuts  Ms. 
The  circular  tools  are  ground  on  the  face  for  sharpening  without 
changing  their  outline.  The  block  Nt  is  provided  for  raising  or  lower- 
ing the  toolposts,  so  that  the  circular  tools  can  be  ground  below  center 
to  give  sufficient  rake. 

The  manner  in  which  the  front  camshaft  is  driven  is  illustrated  in 
Figs.  7  and  10.    Power  is  transmitted  from  the  rear  driving  shaft  0, 
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Fig.  13.    Plan  and  Rear  Elevation  of  No.  OO  Machine  snowing^  Operation 
of  Turret  Slide,  etc. 

through  the  change  gearing  H  to  the  worm-shaft  P,.  Double-pitch 
worm  Q%  drives  worm-wheel  .R,,  which  through  bevel  gears  8t  rotates 
front  camshaft  D.  On  the  Nos.  0  and  2  machines,  the  power  is  trans- 
mitted differently  as  can  be  seen  in  Figs.  11  and  12.  On  the  No.  0 
machine  the  power  is  transmitted  from  the  rear  driving  shaft  through 
the  change  gearing  to  a  single-pitch  worm,  the  latter  driving  the 
worm-wheel  T%  on  the  lead  camshaft  U9,  which  furnishes  power  to  the 
camshaft  D  through  bevel  gears  V,.  The  arrangement  is  slightly  dif- 
ferent on  the  No.  2  machine.    The  power  In  this  case  comes  from  the 
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rear  driving  shaft  through  the  change  gearing  to  the  so-called  "worm- 
shaft"  W»,  which  through  bevel  gears  Y,  drives  the  single-pitch  worm 
on  shaft  A,  and  the  worm-wheel  B4  on  front  cam-shaft  D. 

Operation  of  the  Turret  Slide 

The  turret  7,  Fig.  13,  which  holds  the  working  tools,  is  mounted  ver- 
tically on  the  side  of  the  turret  slide  Q.  The  turret  has  a  long  tapered* 
shank  which  forms  the  bearing  in  the  turret  slide.  It  is  rotated  by 
means  of  a  hardened  roll  C4  on  a  disk  Z>4,  which  engages  in  radial 
grooves  in  the  disk  E4.  Disk  D4  is  driven  from  the  rear  driving  shaft 
through  spur  gears  F«,  G«,  and  H4,  and  helical  gears  14.    There  are  six 


F*. 


ffy/'ffffA'fS^    1—7- 


MacKiiurw 


Fig.  14.    Partial  Section  of  No.  2  Machine  showing  Operation  of  Turret  Slide 

holes  in  the  turret,  disk  D4  making  six  revolutions  for  every  complete 
revolution  of  the  turret.  The  turret  is  locked  in  position  by  the  hard- 
ened tapered  plug  J4  which  fits  in  a  hardened  bushing  K4  in  the  turret. 
This  plug  is  operated  by  a  trip  latch  L4,  which  is  withdrawn  by  a  cam 
3f4  on  one  end  of  the  shaft  AT4.  The  locking  pin  or  plug  is  withdrawn 
from  the  turret  by  hand  by  pushing  back  latch  L4. 

Slide  O  upon  which  the  turret  I  is  mounted  receives  its  forward 
movement  from  the  lead  cam  Q4  (Fig.  10)  through  the  bell  crank  lever 
04  and  rack  block  P4.  The  lead  camshaft  (Fig.  10)  is  driven  from  the 
rear  driving  shaft  through  worm-wheel  J?,  and  spur  gears  R4.  The 
turret  slide  is  returned  by  a  coil  spring  S4,  plunger  T4  and  pin  U« 
shown  in  Fig.  13,  the  plunger  is  located  in  its  "back"  position  by  a 
stop-block  V4. 

The  quick  return  and  advance  of  the  turret  slide  and  the  revolving 
of  the  turret  are  controlled  independently  of  the  lead  cam  by  the  crank 
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W4,  which  is  connected  eccentrically  to  the  turret  revolving  shaft  Y4. 
This  crank  indexes  the  turret  while  the  roll  on  the  bell  crank  lever  04 
is  passing  from  the  highest  point  of  the  lead  cam  to  the  starting  point 
of  the  lobe  for  the  next  cut.  Crank  W4  is  driven  from  the  rear  driving 
shaft,  as  previously  described,  by  a  positive  clutch,  the  latter  being 
operated  by  tripping  levers  and  dogs  on  drum  /,  Fig.  6. 

As  the  crank  revolves  it  allows  spring  £4,  Fig.  13,  to  return  the  turret 
slide.  The  turret  is  then  revolved,  as  described,  and  when  the  crank 
comes  to  re*st  after  making  one  complete  revolution,  the  machine  is 


Flff.  15.    Partial  Section  of  No.  OO  Machine  showing-  Operation  of  Deflector, 
Tripping  Levers,  etc. 

ready  for  the  next  operation.  The  bell  crank  lever  04  bears  against 
the  bed  at  the  extreme  forward  movement  and  insures  the  positive 
return  of  the  turret  slide  should  the  spring  fail,  owing  to  the  binding 
of  the  turret  tools  on  the  work.  The  turret  slide  is  not  adjustable 
lengthwise  on  the  Nos.  00  and  0,  but  on  the  No.  2  machine  an  adjust- 
ment of  1  inch  is  provided  for  by  a  screw  AB  and  lock  nut  Bit  Fig.  14. 

On  the  No.  0  machine  the  indexing  disk  D4,  Fig.  13,  is  driven  as 
before  described  from  the  rear  driving  shaft  through*  spur  gears,  but 
the  turret  revolving  shaft  Y4  receives  its  motion  from  shaft  N4  through 
bevel  gears.  The  lead  camshaft  E7,  is  driven  from  front  camshaft  D 
through  bevel  gears  V3. 

The  indexing  disk  D4  on  the  No.  2  machine  (see  Fig.  13)  is  driven 
in  a  manner  similar  to  that  of  the  No.  0  machine,  but  in  this  case  D4 
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is  a  spur  gear.  The  latch  L4  on  the  No.  0  and  2  machines  is  operated 
by  a  cam  on  indexing  disk  D«.  The  lead  camshaft  C7a  is  driven  from 
the  front  camshaft  D  through  bevel  gears  T8,  as  shown  in  Fig.  12. 

Operation  of  the  Deflector 

To  separate  the  chips  and  oil  from  the  work  which  is  cut  off,  a  de- 
flector is  provided,  as  shown  in  Fig.  15.  This  deflector  consists  of  a 
bell-crank  Cs  to  which  a  pan  or  chute  Ds  is  integrally  cast.  The  crank 
is  operated  by  spring  Es  and  cam  block  F6  on  drum  K,  which  lifts  up 
the  forward  end  of  the  crank,  moving  the  deflector  into  the  position 
shown  by  the  dotted  lines.     This  brings  it  directly  under  the  fixed 


Vlg.  16.    End  View  of  No.  OO  Machine  showing-  Arrangement  of  Change  Gears 

chute  of  the  machine,  so  that  the  work  is  deflected  from  the  pan  for 
the  chips  into  the  pan  provided  for  holding  the  work.  The  cam  block 
is  adjustably  mounted  on  the  drum  so  that  it  can  be  moved  into  the 
desired  position  for  operating  the  deflector.  On  work  requiring  a  small 
amount  of  machining,  the  deflector  must  remain  under  the  chute  for 
a  longer  period  than  is  required  on  longer  operations;  therefore,  cam 
blocks  having  different  lengths  of  arcs  are  provided,  to  allow  the  de- 
flector to  remain  under  the  chute  for  a  greater  or  less  time. 

Fig.  15  illustrates  clearly  the  construction  and  action  of  the  tripping 
lever  for  operating  clutch  G2,  Fig.  2.  The  operation  is  as  follows:  A 
dog  G8  on  drum  K  lifts  tripping  lever  ff3  by  means  of  the  block  lif  and 
as  Hs  is  fulcrumed  on  shaft  </3,  this  action  lowers  the  rear  end  of  the 
lever.  A  pin  held  in  the  rear  end  of  the  lever  by  adjusting  nuts,  fits 
in  a  recess  in  the  cam  which  forms  one  jaw  of  the  clutch  G2,  and  as  the 
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pin  is  withdrawn,  the  'cam  is  forced  out  into  engagement  with  the 
driving  part  of  the  clutch  by  a  spring.  The  cam  G3  is  located  in  the 
correct  relation  (each  time  it  is  disengaged  from  the  driving  clutch) 
to  the  collet  closing  mechanism  by  a  V-groove  in  the  cam  body  in  which 
a  stop  K%  in  the  lever  L5  fits.  The  stop  is  kept  in  contact  with  the  cam 
body  by  a  spring  Mt  and  is  stopped  in  its  "up  position"  by  a  stud  AY 
All  the  tripping  levers  and  clutches  for  the  feeding,  spindle  reversing 
and  turret  indexing  mechanisms  are  operated  in  a  similar  manner. 

Operation  of  Oil  Pump— Arrangement  of  Change  Gears 

The  oil  pump  Os,  Fig.  2,  Is  driven  from  the  driving  shaft  by  means 
of  a  chain  and  sprockets,  which  are  shown  guarded,  and  is  provided 


Plff.  19.    No.  OO  Brown  U  Sbarpe  Automatic  Turret  Forming-  Machine,  Front  View 

with  suitable  piping.  The  pump  is  not  stopped  when  the  feed  is  dis- 
engaged, but  continues  in  operation,  thus  insuring  a  steady  stream  of 
oil  as  soon  as  the  tools  commence  to  cut.  Care  should  be  taken  to  see 
that  the  pipe  is  not  blocked  up  and  that  the  oil  pan  is  filled  with  oil. 
The  oil  is  removed  from  the  pan  by  opening  the  cock  Ps,  Fig.  1. 

The  speed  of  the  front  and  lead  camshafts  Is  changed  for  the  differ- 
ent jobs  by  means  of  change  gears,  as  shown  in  Figs.  16,  17  and  18. 
Fig.  16  shows  the  arrangement  of  gearing  for  the  No.  00  machine, 
where  A  i3  the  gear  on  the  driving  shaft;  B,  the  idler  gear;  and  C  the 
gear  on  the  worm  shaft.  When  it  is  desired  to  compound  the  gearing 
on  this  machine,  another  gear  D  is  placed  on  the  idler  stud  and  a  gear 
not  shown  is  placed  on  the  driving  shaft.  When  the  gearing  is  com- 
pounded, B  becomes  "first  gear  on  stud,"  and  D,  "second  gear  on  stud." 
The  arrangement  of  the  gearing  for  the  No.  0  machine  is  shown  in  Fig. 
17.  Here  A  is  the  gear  on  the  driving  shaft;  B,  "first  gear  on  stud"; 
D,  "second  gear  on  stud*';  E,  an  intermediate  gear;  and  C  the  gear  on 
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the  worm-shaft.  On  the  No.  2  machine  the  gearing  is  arranged  as 
shown  in  Fig.  18,  where  A  is  the  gear  on  the  driving  shaft;  B,  "first 
gear  on  stud";  D,  "second  gear  on  stud";  and  C  the  gear  on  the  worm- 
shaft 

Automatic  Turret  Forming1  and  Cutting1- off  Machines 

The  automatic  turret  forming  machine,  the  No.  00  size  of  which  is 
shown  in  Fig.  19,  is  intended  for  work  not  requiring  the  reversal  of 
the  spindle.  It  is  practically  of  the  same  design  and  capacity  as  the 
regular  automatic  screw  machine,  except  that  it  is  driven  hy  a  four- 
step  cone  pulley.  The  preceding  description  applies  to  these  machines 
in  general,  and  the  collets,  cams,  tools,  etc.,  are  all  interchangeable 
with  the  regular  "automatics"  of  the  same  size. 
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Figr.  20.    No.  CX)  Brown  &  Sharpe  Automatic  Cuttinar-off  Machine.  Front  View 

The  automatic  cutting-off  machine,  size  No.  00  of  which  is  shown  in 
Fig.  20,  is  driven  by  cone  pulleys  in  the  same  manner  as  the  turret 
forming  machines  and  at  the  same  speed.  It  has  no  turret,  but  is  pro- 
vided with  a  tool-slide  for  carrying  a  stop  hollow-mill,  box-tool  or 
drill.  It  is  of  the  same  chuck  capacity  as  the  regular  automatics,  but 
the  tool-holder  is  adjustable  so  that  much  longer  work  can  be  accom- 
modated. The  tool-slide  on  the  No.  00  machine  has  a  movement  of  1*4 
inch.  The  shortest  distance  (approximately)  between  the  face  of  the 
tool-holder  and  the  face  of  the  collet  when  the  lead  lever  roll  is  on  the 
largest  diameter  of  the  cam,  is  1%  inch  on  the  No.  00,  2  inches  on 
the  No.  0,  and  2%  inches  on  the  No.  2  machine.  The  greatest  distance 
obtainable,  approximately,  with  the  lead  lever  roll  on  the  smallest 
diameter  of  the  cam.  is  10  inches  on  the  No.  00,  14  inches  on  the 
No.  0,  and  17  inches  on  the  No.  2  machine.  The  tools,  cams,  collet  etc., 
are  interchangeable  with  the  regular  automatic  screw  machines  of  the 
same  size. 
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SETTING  THE  TOOLS  AND  OPERATING 
AUTOMATIC  SCREW  MACHINES 

In  "setting-up"  the  Brown  &  Sharpe  automatic  screw  machines,  the 
most  simple  tools  should,  generally,  be  set  first.  As  a  rule  these  are 
the  circular  form  and  cut-off  tools  which  are  held  on  the  cross-slides. 
Before  any  of  the  tools  are  set,  however,  the  collet  and  feed  finger 
should  be  changed  for  the  size  of  work  required,  the  proper  change 
gears  put  on,  and  the  driving  belt  placed  on  the  required  step. 

Setting1  the  Circular  Form  and  Cut-off  Tools 

After  the  feed  finger  and  spring  collet  have  been  put  in  place,  the 
stock  is  inserted  and  pushed  out  far  enough  so  that  it  can  be  faced  off 
with  the  circular  cut-off  tool.  The  cut-off  tool  is  then  clamped  to  the 
toolpost  and  set  with  its  cutting  edge  as  close  as  possible  to  the  height 
of  the  center  of  the  work.  The  spindle  is  rotated  and  the  end  of  the 
stock  faced  off,  using  lever  K3,  Fig.  21,  to  operate  the  cross-slide.  This 
procedure  is  followed  until  the  cut-off  tool  is  set  correctly.  The  cir- 
cular form  tool  is  then  clamped  to  the  toolpost  and  the  same  procedure 
followed. 

Fig.  21  shows  an  operator  setting  the  cutting  edge  of  a  circular  form 
tool  to  the  height  of  the  center  of  the  work  by  means  of  the  adjusting 
nut  h%.  Care  should  be  taken  in  setting  the  circular  form  and  cuit-off 
tools  so  that  they  will  form  the  work  parallel,  and  cut  it  off  with  a 
square  face.  This  is  accomplished  by  means  of  the  adjusting  screws 
a  in  the  rear  of  the  toolpost,  which  can  be  adjusted  when  nut  2TS  is 
slackened  slightly.  When  a  circular  form  tool  is  placed  on  the  front 
cross-slide,  it  is  necessary  to  put  the  rising  block  Nt  under  the  tool- 
post.  All  dirt  and  oil  should  be  removed  from  the  surfaces  of  the 
rising  block,  toolpost  and  cross-slide,  so  that  the  cutting  edge  of  the 
circular  form  tool,  which  should  be  ground  at  right  angles  to  the  side 
face,  can  be  set  parallel  with  the  center  line  of  the  work.  If  this  is 
not  done,  it  will  be  found  that  the  work  will  be  slightly  tapered. 

The  rolls  in  the  cam  levers  require  careful  attention.  If  the  pin  In 
these  rolls  are  not  a  good  running  fit,  the  roll  will  stick  and  wear  out 
of  round.  This  will  result  in  the  production  of  pieces  which  vary  In 
diameter,  due  to  the  changes  of  position  of  the  roll  for  the  different 
pieces. 

In  setting  the  tool  on  the  front  cross-slide,  the  cutting  edge  should 
never  be  below  the  center  of  the  work,  but  should  be  set  preferably 
above  or  at  the  height  of  the  center.  The  cutting  edge  of  the  tool  on 
the  rear  cross-slide  should  be  set  just  the  reverse  In  reference  to  the 
center  of  the  work,  when  the  latter  is  running  forward.  When  the 
work  is  running  backward,  the  position  of  the  cutting  edges  of  the 
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tools  on  the  front  and  rear  cross-slide  should  be  reversed  from  that 
for  the  forward  rotation  of  (the  work.  If  the  cutting  edges  of  the 
circular  tools  are  not  set  in  the  positions  described,  the  work,  when 
rotating,  has  a  tendency  to  pull  them  around,  thus  increasing  the 
diameter  of  the  work,  and  causing  chattering. 

When  the  circular  form  tool  is  used  for  finishing  the  work  to  an 
exact  diameter,  the  set-screw  C„  Fig.  21,  should  always  be  set  so  that 
it  will  come  in  contact  with  the  stop  D%  when  the  work  is  turned  to 
the  desired  diameter.  In  setting  this  stop  it  should  be  so  adjusted 
that  it  will  put  a  slight  strain  on  the  cross-slide  operating  lever.    The 


Fiv.  ai.    Operator  Betting  a  Circular  Form  Tool 

resulting  action  keeps  the  roll  In  close  contact  with  the  cam,  and  thus 
assures  the  parts  formed  being  of  the  same  diameter.  When  the  cir- 
cular form  tool  wears  slightly,  the  set-screw  0,  can  be  adjusted  back 
a  slight  amount,  and  the  strain  which  has  been  set  up  in  the  lever 
will  allow  the  tool  to  turn  the  work  to  the  desired  diameter.  The 
cross-slide  is  adjusted  back  and  forth  to  bring  the  cross-slide  tools  in 
contact  with  the  work  by  means  of  split  nut  A3,  which  is  locked  by 
means  of  a  screw.  Gib  Qs  should  be  adjusted  so  that  there  will  be  no 
unnecessary  side  play  of  the  cross-slide  in  the  bed. 

Sharpening  Circular  Form  and  Cut-off  Tools 
The  circular  form  and  cut-off  tools  should  be  carefully  sharpened 
when  they  become  dull.     If  the  cutting  edge  is  not  ground  at  right 
angles  to  the  side  face  of  the  circular  tool,  the  work  produced  will  be 
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slightly  tapered.  For  this  reason  the  circular  tool  when  being  sharp- 
ened should  be  held  on  a  .table,  the  top  surface  of  which  is  at  right 
angles  to  the  side  face  of  the  emery  wheel.  The  cutting  edge  is  then 
brought  up  against  the  side  face  of  the  emery  wheel,  and  the  tool 
ground.  To  Insure  that  the  tool  is  ground  correctly,  a  templet  similar 
to  that  shown  in  the  illustration  accompanying  Table  I  is  made  for 

.    TABLE  I.    PROPORTIONS  FOR  TBMPLHT8  AND  CIRCULAR  TOOLS 


Cf  NTER  UNI  OF  WORK 


Number 

of 
Machine 


00 
0 
2 


Dimensions  in  Inches 

C        D        B    I    F    |    G    I    H    i    I 


1 

H 

If 


i 

A 

* 


A 
A 
H 


H     i 

«    A 

8      t 


f-16  P.  R.  H. 
f-14  P.  R.  H. 
|-12  P.     R.  H. 


the  circular  tools  used  on  each  size  of  machine.  The  dimensions  of 
this  templet  for  the  various  sizes  of  machines  are  given  in  this  table. 
The  distance  O  is  made  less  than  the  thinnest  tool,  so  that  the  screw 
will  not  prevent  the  tool  from  lying  flat  on  the  table  when  grinding. 

These  templets  should  preferably  be  made  of  tool  steel,  hardened  and 
ground  as  indicated.  The  hole  should  be  lapped  and  the  plug  made  a 
good  fit  for  it.  To  the  right  of  the  illustration  a  templet  is  shown 
with  its  top  face  ground  at  an  angle  0f  and  the  size  of  the  machine  and 
angle  stamped  on  it.    Circular  tools  are  ground  with  top  rake  for  cut- 
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ting  machine  steel,  toal  steel,  etc.    The  cutting  angles  for  the  various 
materials  are  as  follows: 

ANOLH  OF  TOP   RAKB  ON  CIRCULAR  TOOLS 

Material  Angle  0,  in  Degrees 

Brass  rod    u 

Drill  rod  and  tool  steel 8  to  10 

Gun-screw  iron    12 

Machine  steel  15 

Norway  iron  18 

The  sizes  and  pitches  of  the  tapped  holes  in  the  circular  tools  are 
listed  in  column  J  of  Table  I,  where  the  thread  is  given  as  right-hand. 
Sometimes  the  tools  are  tapped  left-hand,  especially  in  the  case  of  wide 


Maekincrv 


Fig.  22.    Simple  Method  for  setting  a  Stop 

forming  tools;  they  are  then  set  on  the  front  cross-slide,  with  the  work 
running  forward.  As  a  rule,  the  tools  are  tapped  right-hand  and  the 
hook  bolt  Af,  and  bolt  /„  Fig.  9,  tightly  clamped,  thus  holding  the  cir- 
cular tool  securely. 

Setting  the  Stop 

When  the  circular  cut-off  tool  has  been  set  correctly,  the  chuck  is 
opened  by  lifting  the  tripping  lever,  and  the  stock  is  fed  out  the  de- 
sired length  by  hand;  this  length  can  be  easily  measured  off  by  the 
method  shown  in  Fig.  22.  A  flexible  scale,  the  length  of  which  depends 
on  the  size  of  the  machine,  is  placed  in  an  empty  hole  in  the  turret 
and  brought  up  against  the  inside  face  of  the  circular  cut-off  tool.  The 
cut-off  tool  is  now  brought  up  against  the  work  by  means  of  the  handle 
operating  the  cross-slide.  It  is  then  an  easy  matter  to  set  the  stock  to 
the  desired  length.  When  this  has  been  done,  the  chuck  is  closed  and 
the  turret  swung  around  so  that  the  stop  comes  in  line  with  the  stock. 
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When  the  stop  is  in  this  position,  the  roll  should  be  on  the  quick  rise 
of  the  lead-cam  so  that  by  rotating  the  cam,  the  roll  will  rise  up  onto 
the  lobe,  thus  forcing  the  stop  back  into  the  turret  the  required  amount, 
where  it  can  be  locked  with  the  lock-screw  provided  for  that  purpose. 

When  it  is  necessary  to  have  the  length  of  the  piece  to  within  a 
limit  of  0.010  inch  or  less,  the  stop  A  in  Fig.  22  gives  considerable 
trouble,  because  the  only  way  in  which  it  can  be  set  is  by  tapping  it 
in  or  out,  which  is  a  rather  difficult  matter.  A  stop  which  gives  better 
results  is  shown  at  B.  The  parts  a,  6  and  c  are  made  from  machine 
steel  and  casehardened.  The  body  a  is  drilled  and  tapped  for  a  screw 
the  diameter  of  which  is  made  in  accordance  with  the  size  of  the  ma- 
chine in  which  the  stop  is  to  be  used:  For  the  No.  00,  d  =  5/16  inch; 
for  the  No.  0,  d  =  %  inch;  and  for  the  No.  2,  d  =  %  inch. 

For  the  No.  00  machine  the  number  of  threads  per  inch  of  the  screw 
should  be  thirty-two,  which  would  mean  that  one  revolution  would  give 


Flff.  28.    Chamfering*  the  Bad  of  the  Work 

an  adjustment  of  0.03125  inch.  For  the  other  machines,  the  screw 
should  have  twenty  threads  per  inch.  The  stop  proper,  b,  is  made  of 
hexagonal  stock  to  at  the  standard  wrenches  supplied  with  the  ma- 
chines. The  nut  c  is  made  of  the  same  shape  and  from  the  same  size 
of  stock  as  o.  By  having  the  stop  hexagonal,  as  shown,  it  is  an  easy 
matter  to  set  it  within  0.005  inch,  by  means  of  the  faces  on  stop  6,  as 
the  relation  of  these  to  the  nut  can  be  noted,  provided  the  latter  is 
held  with  a  wrench  while  part  bJLa  rotated. 

Setting*  a  Hollow-mill  or  Box-tool 

Before  reducing  the  diameter  of  the  work  by  means  of  a  hollow-mill 
or  box-tool,  it  Is  necessary  to  chamfer  the  front  end  of  the  work  to 
facilitate  the  starting  of  the  cutter  on  a  light  cut  until  the  tool  is  prop- 
erly supported.  One  method  of  pointing  the  end  of  the  work  is  shown 
at  A  in  Fig.  23.  Here  the  circular  cut-off  tool  has  an  angular  projec- 
tion on  its  face  next  to  the  chuck,  which  points  the  bar  before  it  is 
fed  out  for  the  next  piece.  This  method  is  generally  used  when  the 
work  is  not  very  long  and  runs  practically  true.  It  Is  sometimes  im- 
possible, however,  to  point  the  bar  with  a  cut-off  tool,  and  in  that  case 
the  bar  is  usually  pointed  by  a  combination  centering  and  pointing 
tool,  as  shown  at  B.  This  tool  can  be  used  when  the  bar  does  not  pro- 
ject more  than  3%  times  its  diameter  from  the  face  of  the  chuck,  and 
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when  it  is  unfinished  or  of  irregular  shape.  Tool  a  is  used  for  cen- 
tering the  work,  thus  preparing  it  for  drilling  a  hole,  while  tool  o  is 
used  for  pointing  the  end  of  the  bar. 

In  setting  a  box-tool,  the  bar  should  project  out  of  the  spring  collet 
only  far  enough  to  allow  it  to  be  turned  down  for  a  short  distance; 
otherwise  the  work  will  not  be  held  rigidly,  and  will  spring  away  from 
the  cutting  tool.  The  cutting  tool  is  first  set  to  turn  the  work  to 
within  about  0.0005  or  0.001  inch  of  the  finished  diameter;  then  the 
supports  are  forced  up  tightly  into  contact  with  the  work  and  clamped. 
It  will  be  found  that  when  the  stock  is  fed  out  to  the  desired  length, 
the  supports  bearing  against  the  work  tightly,  the  tool  turns  it  slightly 
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Fig.  24.    Outtlng-anglea  for  Box  Tool  Gutters 

smaller  in  diameter.  The  box-tool  cutter  is  brought  in  contact  with 
the  work  by  means  of  the  handle  K*  Fig.  21,  on  the  No.  00  machine, 
which  is  inserted  in  the  lead  lever  04,  Fig.  13,  and  by  the  lever  ft,  on 
the  Nos.  0  and  2  machines,  as  shown  in  Fig.  33.  These  levers  should 
always  be  removed  before  engaging  the  driving  clutch.  For  additional 
information  regarding  the  application  of  external  tools  to  the  work, 
see  Machinery's  Reference  Book  No.  102,  "Automatic  Screw  Machine 
Practice — External  Cutting  Tools." 

Cutting- angles  for  Box- tool  Cutters 

The  cutting  angle  on  a  box-tool  cutter  depends  largely  on  the 
method  used  in  holding  it,  and  on  how  it  is  applied  to  the  work.  In 
Fig.  24  a  few  methods  of  the  application  of  box-tool  cutters  to  the  work 
are  shown,  and  the  angles  at  which  they  should  be  ground  for  various 
materials.  A  box-tool  cutter,  to  give  good  results,  should  have  suffi- 
cient clearance  and  rake  so  that  it  will  remove  the  metal  with  the  least 
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possible  resistance.  Generally,  in  automatic  screw  machine  work,  the 
box-tool  cutter  is  set  radially  to  the  work,  for  cutting  brass,  as  shown 
at  A.  When  held  in  this  manner  the  cutting  angles  are  approximately 
as  given  in  the  illustration.  This  type  of  tool  is  used  particularly  for 
roughing  work.  For  finishing  work  on  brass,  the  tool  is  set  as  indi- 
cated at  B,  and  the  cutting  face  is  ground  parallel  for  a  short  distance 
/,  which  for  usual  conditions  equals  one-fifth  of  the  smallest  diameter 
of  the  work  being  turned.  For  steel,  the  box- tool  cutter  should  be  set 
tangentially  to  the  work,  as  shown  at  C  and  2>. 


TABLB  n.    CUTTING  ANOLBS  FOR  HOLLOW-MILLS 
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The  angles  on  the  box-tool  cutter  shown  at  C  for  cutting  various 
materials  is  as  follows: 


Cutting-angles  for  Tool  Steel 
6=8  deg. 
c=   8  to    10  deg. 
d  =  72  to  74  deg. 
e=  8  deg. 


Cutting-angles  for  Machine  Steel 
C  =    8  to  10  deg. 
e=  10  deg. 
d  =  70  to  72  deg.      . 
6  =  10  deg. 


The  method  of  grinding  the  tools  shown  at  C  is  commonly  used  for 
roughing  purposes  on  steel,  but  will  not  produce  an  absolutely  square 
shoulder  on  the  work.  For  finishing  cuts,  the  box-tool  cutter  is  ground 
as  shown  at  D. 

The  cutting  angles  for  this  type  of  tool  are  as  follows: 


Cutting-angles  for  Tool  Steel 
m=   8  to  10  deg. 
g=   8  to  10  deg. 
&  =  72  to  74  deg. 


Cutting-  angles  for  Machine  Steel 
m  =  10  to  12  deg. 
(7  =  15  to  18  deg. 
h  =  60  to  65  deg. 
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While  the  cutting  face  on  the  tool  shown  at  D  is  straight,  it  is  usu- 
ally advisable,  especially  when  cutting  machine  steel  and  Norway  Iron 
to  give  it  more  "lip,"  find  is  indicated  by  the  dotted  line  i.  This  pro- 
duces a  curling  chip,  and  is  conducive  to  better  and  more  efficient  cut- 
ting. It  is  not  advisable  in  most  cases  to  make  the  box-tool  cutters  for 
finishing  from  high-speed  steel  for  cutting  steel  and  Norway  iron,  if 
an  exceptionally  good  finish  is  desired. 

At  D  in  Fig.  24  is  shown  the  method  used  in  adjusting  the  tangent 
cutter.  The  face  of  the  cutter  should  be  set  at  a  distance  ;  back  from 
the  center  of  the  work.  This  gives  the  tool  more  clearance  on  the 
periphery  of  the  work.  The  distance  ;'  should  equal  (for  Norway  iron 
and  machine  steel)  one-tenth  of  the  smallest  diameter  of  the  work 
being  turned.  When  the  tangent  cutter  is  adjusted  in  a  vertical  direc- 
tion, it  should  also  be  moved  back  an  amount  equal  to  fc,  as  shown  by 
the  dotted  lines  in  the  illustration,  so  that  k  bears  the  same  relation  to 
the  larger  diameter  as  j  does  to  the  smaller. 
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Fig.  26.    Centering1  Toole— Incorrect  and  Correct  Methods  of  Centering 

Sometimes,  when  cutting  machine  steel,  it  is  advisable  to  set  the  tool 
at  an  angle  of  from  1  to  2  degrees  from  the  horizontal  plane.  This 
increases  the  clearance  between  the  periphery  of  the  work  and  the  cut- 
ting face  of  the  tool,  and  is  accomplished  by  means  of  adjusting  screws 
in  the  box-tool. 

Cutting- angles  for  Hollow-mills 

The  illustration  accompanying  Table  II  shows  a  type  of  hollow-mill 
which  is  used  on  the  automatic  screw  machine  in  cases  where  it  is 
necessary  to  remove  a  large  amount  of  material.  The  cutting  angles 
for  the  lips  of  the  hollow-mill  are  given  in  this  table  for  various  ma- 
terials. Unless  the  operator  has  equipment  sufficiently  accurate  to 
grind  hollow-mills,  he  should  not  attempt  to  do  so,  as  unsatisfactory 
results  will  be  obtained  if  all  the  prongs  or  teeth  do  not  do  their  share 
of  the  cutting.  Preferably  hollow-mills  should  be  sharpened  in  the  tool- 
room on  an  ordinary  cutter  grinder. 

Setting  Centering  Tools  and  Drills 

When  the  drill  used  is  less  than  %  inch  in  diameter,  and  is  to  pass 
entirely  through  the  work,  a  centering  or  spotting  drill  should  always 
be  used.  The  centering  tool  should  be  ground  and  set  so  that  it  will 
not  leave  a  teat  in  the  work.  It  also  should  have  an  included  angle  less 
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than  that  used  on  the  drill.  In  Fig.  25,  three  types  of  centering  tools 
are  shown  at  A,  B  and  C.  The  tool  shown  at  A  is  used  principally  for 
brass  work,  while  that  shown  at  B  is  used  for  steel  work,  and  is  made 
similar  to  an  ordinary  twist  drill.  The  tool  shown  at  C  is  used  when 
a  large  center  is  to  be  "spotted"  in  steel. 

At  D  is  shown  the  effect  of  using  a  centering  tool  with  an  included 
angle  greater  than  that  used  on  the  drill,  and  also  by  having  it  set  so 
that  it  leaves  a  teat  in  the  hole.  It  is  evident  that  when  the  drill  is 
projecting  out  of  the  holder  for  a  considerable  distance  (because  it  is 
to  pass  entirely  through  the  work)  it  will  not  enter  concentrically,  but 
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Fig-.  20.    Various  Types  of  Centering*  Tool  Holders 

will  be  deflected  by  the  teat.  If  the  centering  tool  is  made  with  an  in- 
cluded angle  less  than  that  used  on  the  drill,  the  result  will  be  as 
shown  at  F,  even  if  a  teat  has  been  left  in  the  hole.  Here  the  drill  is 
well  supported  before  its  point  would  touch  the  teat;  hence  it  would 
not  be  deflected.  At  E  is  shown  the  position  that  a  drill  should  take 
in  a  correctly  centered  hole. 

Holders  for  centering  tools  are  illustrated  at  A,  B  and  C  in  Fig.  26. 
The  type  of  holder  shown  at  A  is  frequently  used,  but  is  not  recom- 
mended, owing  to  the  difficulty  of  setting  the  centering  tool  concentric 
with  the  work.  Preferably  the  floating  holder  shown  at  B  should  be 
used,  as  the  centering  tool  can  then  be  set  concentric,  after  which  the 
screws  a  are  tightened.    The  holder  shown  at  C  is  used  when  the  work 
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projects  to  a  considerable  distance  out  of  the  collet  and  the  center  Is 
to  be  concentric  with  the  part  already  turned.  This  holder  carries  a 
bushing  o,  held  by  a  screw  in  the  front  part  of  the  holder,  a  centering 
tool  c,  and  facing  tool  d.  The  centering  tool  c  is  retained  in  a  bushing 
by  a  set-screw,  while  the  facing  tool  d  is  held  down  on  block  e  by  an- 
other set-screw.    The  headless  screw  g  is  used  for  adjusting. 

To  set  the  centering  tool  B,  the  holder  car- 
rying it  is  placed  in  the  turret,  the  latter 
swung  down,  the  spindle  stopped,  and  the  cen- 
tering tool  brought  in  contact  with  the  work. 
The  screws  a  are  then  loosened,  the  tool  set 
concentrically,  and  the  screws  tightened.  The 
lead  cam  is  then  rotated  by  handwheel  7„  Fig. 
29,  until  the  roll  rises  up  onto  the  starting 
point  of  the  lobe  for  feeding  the  centering 
tool  into  the  work.  The  holder  is  tapped  back 
into  the  turret  so  that  the  point  of  the  tool 
just  clears  the  end  of  the  work;  then  the 
holder  is  clamped  in  the  turret.  If  upon  trial  it  Is  found  that  the  cen- 
tering tool  does  not  project  in  to  the  required  distance,  it  is  a  simple 
matter  to  bring  it  out  , 

Before  setting  the  drill,  see  that  it  is  ground  correctly  for  the  ma- 
terial upon  which  it  is  to  work,  that  is,  to  the  desired  angle  and  lip 
clearance.  For  brass  work,  the  lip  should  be  almost  ground  off,  espe- 
cially when  a  broken  chip  and  not  a  curling  one  is  desired.  For  steel 
the  drill  should  be  given  a  fairly  good  lip.    The  procedure  given  for 


Fiff.  27.    Gage  for  aet-- 
tln*  a  Drill 
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Pi?.  26.    Floating-  Reamer  Holders 

setting  the  centering  tool  also  applies  to  setting  a  drill.  For  informa- 
tion regarding  drill  grinding  see  Chapter  IV  of  Machinery's  Reference 
Book  No.  94,  "Operation  of  Machine  Tools — Drilling  Machines." 

Prepare  in  time  for  the  failure  of  a  drill,  as  considerable  time  is  lost 
in  regrinding  and  resetting.  A  good  idea  is  to  have  a  number  of  drills 
lying  on  the  tray  already  ground,  and  to  use  a  gage  for  setting  the 
drills  as  shown  in  Fig.  27.  This  gage  is  made  from  sheet  steel  about 
1/16  inch  thick.  The  dimension  A  is  made  equal  to  the  distance  that 
the  drill  is  required  to  extend  out  of  the  holder.    If  there  is  more  than 
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one  drill  in  the  turret,  which  would  he  necessary  when  a  deep  hole  is 
to  he  produced,  a  gage  of  this  description  should  he  made  for  setting 
each  drill.  These  gages  should  be  marked  according  to  the  position 
that  the  drill  for  which  they  are  used  takes  in  relation  to  the  other 
drills;  that  is,  "1st/'  "2nd,"  etc.,  and  kept  in  the  same  box  as  the  other 
tools  used  on  the  job.  If  this  precaution  is  taken,  no  time  will  be 
lost  in  setting  a  drill,  because  the  machine  need  not  be  stopped.  The 
clamping  screw  holding  the  drill  can  be  released,  the  drill  pulled  out 
and  a  fresh  one  inserted  while  the  machine  is  running. 

Setting  Counterbores  and  Reamers 

A  counterbore  provided  with  a  leader  should  always  be  held  in  a 
floating  holder.  Before  setting  the  counterbore,  of  course,  the  hole 
should   be   drilled;    then   the   procedure   for   setting   centering   tools 


Fig;.  29.    Operator  setting'  the  Spindle  Reversing-  Dogs  for  Threading 

should  be  followed,  except  that  the  leader  is  Inserted,  bringing  the 
face  of  the  counterbore  in  contact  with  the  end  of  the  work.  When 
the  counterbore  Is  not  provided  with  a  leader,  a  floating  holder  similar 
to  that  shown  at  B  in  Fig.  26  should  be  used. 

Reamers  which  are  to  produce  deep  holes  should  be  held  in  floating 
holders.  Two  types  of  floating  holders  are  shown  at  A  and  B  in  Fig. 
28.  The  one  shown  at  A,  however,  is  not  recommended  for  automatic 
screw  machine  work,  because  the  reamer  drops  down  as  shown  at  a  if 
too  much  clearance  is  allowed  between  the  hole  in  the  holder  and  the 
reamer  shank,  thus  preventing  the  reamer  from  centering  easily  into 
the  work,  and  sometimes  breaking  it.  The  holder  at  B  should  be  used 
in  preference,  because  the  reamer  is  guided  by  means  of  the  screws  b 
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and  c,  and  can  be  given  the  desired  amount  of  "float"  by  screws  e. 
When  a  reamer  is  only  to  project  a  short  distance  into  the  work,  the 
holder  shown  at  B  in  Fig.  26,  can  be  used. 

Setting*  Dies  and  Taps 

Before  a  die  or  tap  and  its  holder  are  placed  in  the  turret,  the  dogs 
should  be  set  in  position  to  reverse  the  spindle  in  the  correct  relation 
to  the  threading  lobe  on  the  lead  cam.  The  two  parts  of  clutch  M  (see 
Figs.  1  and  6)  should  first  be  engaged,  so  that  the  shaft  carrying  the 
disk  on  which  the  dogs  are  located  will  be  rotated  in  step  with  the  other 
driving  mechanism  of  the  machine.  Then  the  shifter  is  pulled  over 
and  the  main  spindle  started.    The  lead-cam  is  now  rotated  by  means 
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Fig.  81 


Showing-  the  Position  of  the  Roll  on  the  Cam  Lobe  Relative  to  the 
Reversal  of  the  Spindle 

of  hand-wheel  F5,  Fig.  29,  the  operator  also  pressing  his  thumb  against 
the  turret  slide  and  bearing  on  the  turret  base.  While  rotating  the 
hand-wheel  75,  he  watches  to  see  when  the  spindle  reverses;  and  by 
keeping  his  thumb  in  contact  with  the  turret  slide  he  can  tell  when 
the  roll  drops  over  the  highest  point  of  the  lobe  on  the  cam.  When 
the  spindle  reverses  at  the  same  instant  that  the  roll  drops  over  the 
highest  point  of  the  lobe  on  the  cam,  the  dog  is  set  in  the  desired 
position.  This  is  illustrated  graphically,  for  setting  a  die,  in  Figs.  30 
and  31.  In  Fig.  30  a  button  die  is  shown,  held  in  a  holder,  in  posi- 
tion ready  to  start  on  the  work.  The  face  of  the  die  should  be  set 
the  distance  A  from  the  end  of  the  work.  This  distance  varies  from 
1/16  to  3/16  inch,  depending  on  the  pitch  of  the  thread  and  the  length 
of  the  threaded  portion.  In  Fig.  31  the  cam  roll  is  set  just  back  of 
the  highest  point  of  the  lobe;  when  the  roll  is  at  this  point,  the  spin- 
dle should  reverse. 
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After  the  first  setting,  If  it  is  found  that  the  die  does  not  travel 
onto  the  work  far  enough,  the  holder  is  brought  further  out  of  the 
turret  The  same  procedure  is  followed  in  setting  a  tap,  except  that 
it  should  be  set  more  carefully,  only  going  into  the  work  a  slight  dis- 
tance when  starting,  and  the  holder  moved  out  of  the  turret  until  the 
desired  depth  is  reached.  It  is  sometimes  found  necessary,  after  set> 
ting  the  tripping  dogs,  to  adjust  them  slightly,  especially  when  using 
the  draw-out  type   of  die  or   tap-holder.    The   turret  should   not   be 

indexed  until  the  die  or  tap  is 
mmmm-mm  clear  of  the  work. 

Setting*  Swing:  Tools  and  Taper- 
turning  Tools 

Swing  tools  are  used  for  both 
internal  and  external  cutting* 
and  are  operated  under  three 
different  conditions:  first,  the 
cutting  tool  is  fed  into  the  work 
from  the  cross-slide  alone;  sec- 
ond, the  cutting  tool  is  fed  lon- 
gitudinally by  the  turret;  third, 
the  cutting  todl  is  fed  inward  by 
the  cross-slide  and  longitudinally 
by  the  turret.  For  the  first  con- 
dition, the  rising  block  need  not 
be  set  in  any  particular  relation 
to  the  axis  of  the  spindle.  When 
straight  turning  is  to  be  pro- 
duced under  the  second  condi- 
tion, the  face  of  the  rising  block  should  be  set  parallel  with  the  axis  of 
the  spindle.  For  the  third  condition,  when  the  work  is  to  be  turned 
taper,  the  face  of  the  rising  block  should  be  set  at  an  angle  with  the 
axis  of  the  spindle. 

In  Fig.  32  is  shown  a  simple  method  of  setting  the  face  of  the  rising 
block  parallel  with  the  axis  of  the  spindle.  An  ordinary  adjustable 
square  is  held  against  the  face  of  the  rear  cross-slide,  and  screw  A  is 
adjusted  until  the  block  is  set  correctly,  after  which  screw  B  Is  tight- 
ened. This  method  can  be  used. when  it  is  not  necessary  to  have  the 
rising  block  set  exactly  parallel  with  the  axis  of  the  spindle. 

A  better  and  more  accurate  method  Is  shown  in  Fig.  33.  Here  a 
Brown  &  Sharpe  dial  test  indicator  B  is  used.  A  split  bushing  is  in- 
serted in  one  of  the  holes  in  the  turret,  and  a  bent  rod  with  the  indi- 
cator is  held  in  it.  The  finger  of  the  indicator  is  brought  to  bear 
against  the  face  of  the  rising  block  0,  and  the  turret  is  traversed  by 
handle  R5  on  the  No.  0  and  2  machines,  and  by  using  handle  K2,  Fig. 
21,  on  the  No.  00  machine,  inserting  it  in  the  turret  traversing  lever. 
While  the  turret  is  being  traversed  back  and  forth,  the  movement  of 
the  needle  on  the  dial  is  noted,  and  the  screw  A  adjusted  until  no 
movement  is  transmitted  to  the  needle. 
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Fig".  82.    Setting  a  Rising  Block 
with  a  Square 
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The  setting  of  the  rising  block  for  operating  a  taper  turning  tool  or 
a  swing  tool  for  taper  turning  is  generally  accomplished  by  the  cut 
and  try  method,  the  first  time  the  tools  are  set  up.  Most  operators, 
when  setting  up  a  job  for  the  second  time,  use  what  is  called  a  "set 
piece"  to  set  the  tools  by.  Thi3  la  a  piece  of  work  which  has  been 
made  correctly  to  size,  but  which  is  not  entirely  cut  off.  as  shown  at 
C  in  Fig.  32.  It  is  gripped  in  the  collet,  and  the  turning  tool  as  well 
*as  the  circular  form  and  cut-off  tools  are  set  to  it. 

Setting*  Shaving  Tools 

There  are  two  distinct  types  of  shaving  tools  employed  on  the  auto- 
matic screw  machines,  each  type  requiring  the  use  of  a  different 
holder.     Fig.  34  shows  a  shaving  tool  holder  and  shaving  tool  which 


Fig.  88.    Setting  the  Rising  Block  with  the  Aid  of  a  Brown  &  Bharpe 
Dial  Test  Indicator 

is  used  without  a  support  for  the  work.  This  type  of  tool  is  used 
when  the  work  is  large  enough  in  diameter  to  withstand  the  cutting 
pressure.  The  angles  on  the  shaving  tools  shown  to  the  right  of  the 
Illustration  for  the  different  materials  are  as  follows: 

Material  Cutting-angle  in  Degrees 

Brass  rod    A  =  20,  5  =  30,  C  =  10. 

Machine  steel    A  =  30,  £  =  40,  C  =  15. 

Tool  steel    A  =  40,  5  =  50,  C  =  15. 

These  angles  need  only  be  approximated,  but  the  table  gives  a  fair 

idea  of  preferable  angles  to  which  a  shaving  tool  should  be  ground  for 

shaving  long  work.     Another  "type  of  shaving  tool-holder  and  shaving 

tool  is  shown  in  Fig.  35.     This  type  is  used  principally  on  steel  work 

which  is  long  in  proportion  to  the  diameter.     It  consists  of  a  shaving 

tool  A  and  support  B.    The  support  B  is  made  an  exact  duplicate  of 

the  shaving  tool  A,  except  that  it  is  not  backed  off  for  cutting,  and  is 

slightly  rounded  on  the  front  end.     It  should  always  be  set  a  slight 

amount  back  of  the  cutting  edge  of  the  shaving  tool.    At  C  and  D  is 

shown  the  way  in  which  these  shaving  tools  should  be  made.     At  C 

the  tool  is  shown  machined  and  ready  for  hardening,  and  at  D  the 

front  part,  shown  partially  separated  at  C,  is  removed  and  the  tool 

ground  ready  for  work.   The  cutting  angles  for  this  tool  are  as  followgK^r^T/> 
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-      Material  Cutting-angle  in  Degreee 

Brass  rod  a  =  10,  &  =  10. 

Machine  steel    a  =  15,  &  =  15. 

Tool  steel  a  =  20,  6  =  15. 

Setting1  the  Belt- shifting1  Attachment 

The  belt  shifting  attachment  on  the  Nos.  0  and  2  machines,  which 
is  used  for  changing  the  spindle  from  a  fast  to  a  slow  speed  or  vice 
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Pig.  84.    Shaving  Tool  and  Holder  for  long  Work 

versa,  is  shown  sot  up  on  a  No.  0  machine  in  Fig.  36.  This  attach- 
ment is  driven  from  the  rear  driving  shaft  through  gears  A  and  B, 
which  rotate  disk  C,  carrying  rod  D,  the  latter  being  connected  eccen- 
trically to  the  disk  and  operating  the  shifter  on  the  counter  shafting, 
as  Illustrated  in  Figs.  42  and  43  and  Figs.  44  and  45.  Gear  A  has  half 
as  many  teeth  as  gear  B,  so  that  for  every  revolution  of  the  driving 
shaft  the  belt  is  shifted  once.  This  attachment  is  operated  by  clutch 
Et  which  is  brought  into  and  out  of  engagement  by  a  tripping  lever 
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Fig.  85.    Shaving  Tool  and  Holder  provided  with  a  Support  (or  the  Work 

and  dog  carried  on  the  drum  on  the  front  camshaft.     It  is  not  advis-    - 
able  to  shift  the  belt  when  a  tap  is  in  or  a  die  on  the  work,  but  the 
spindle  should  rather  be  rotated  at  the  lowest  speed  when  the  tap  or 
die  engages  or  disengages  the  work. 

The  No.  00  machine  is  not  equipped  with  this  belt  shifting  device, 
but  for  steel  work  a  threading  attachment  as  shown  at  A  in  Fig.  37 
is  used.     This  attachment  is  also  supplied  for  the  Nos.  0  and  2  ma- 
chines, but  its  driving  capacity  is  limited  to  the  following  sizes  of    . 
taps  or  dies.     For  the  No.  00,  the  maximum  diameter  of  tap  or  die 
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that  can  be  driven  by  this  device  is  1/8,  40  threads;  on  the  No.  0* 
machine  3/16,  32  threads;  and  on  the  No.  2  machine  1/4.  22  threads. 
When  a  larger  diameter  tap  or  die  and  a  coarser  thread  than  this  is 
to  be  cut  in  the  No.  00  machine,  the  two  speeds  of  the  spindle  are 
employed,  which,  of  course,  necessitates  the  using  of  left-hand  turning 


Fifr.  36.    The  Belt-shifting  Attachment  used  for  Threading 


Fig.  87.    Ratio  Threading  Attachment 

tools  in  the  turret.     On  the  Nos.  0  and  2  machines,  the  belt  shifting 
arrangement,  previously  described,  should  be  used. 

The  ratio  threading  attachment  shown  at  A  in  Fig.  37  is  heid  in  the 
turret  and  driven  by  a  belt  B  from  the  countershaft,  through  pulley 
C  and  bevel  gears  D.  The  spring  E  acts  in  the  same  manner  as  the 
spring  in  the  ordinary  draw-out  die  or  tap  holder. 
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There  are  a  number-  of  special  cross-slide  and  turret  attachments 
which  can  be  obtained  for  the  Brown  ft  Sharpe  automatic  screw  ma- 
chines for  various  operations.  The  method  of  setting  these  attach- 
ments, of  course,  is  entirely  governed  by  the  work  and  the  construc- 
tion of  the  attachment  itself.  Figs.  38  and  39  show  groups  of  standard 
tools  which  are  used  on  the  Brown  ft"  Sharpe  automatic  screw  ma- 
chines.   The  names  of  the  tools  shown,  in  Fig.  38  are : 

Knee  tool,  and  centering  and  facing  tools.  A, 

Box-pointing  tools.  B, 

Box-tool  (two  cutters).  C, 

Box-tool  (one  cutter).  Df 

Adjustable  hollow  mill  (finishing).  E, 

Drill  holder  F, 

Floating  holder.  G, 

Button  die  holder  (releasing).  H%       / 

Button  die  holder  (draw-out).  /, 

Tap  holder  (releasing).  J, 

Tap  holder  (draw-out).  K, 

Small  tap  holder  (draw-out).  L, 

Swing  knurl  or  thread  roll-holder.  M, 

Swing  turning  tool.  N, 

Recessing  tool  holder.  0, 

Rising  block  with  adjustable' guide.  P, 

Taper  turning  tool.  Q, 

Angular  cutting-off  tool.  R, 

The  names  of  the  standard  tools  shown  in  Fig.  39  are: 

Turret  knurl  holder.  A„ 

Cross-slide  knurl  holder  (side).  Blt 

Cross-slide  knurl  holder  (top).  C„ 

Spring  collet.  D„ 

Feed  finger.  Eu 

Centering  tool  and  turret  back  rests.  F„ 

Auxiliary  work  support.  (?,. 

Double-throw  cross-slide  attachment.  Hx, 

Slabbing  attachment.  I» 

Cross-slide  cutting-off  tool  post   (high).  Jx, 

Cross-slide  cutting-off  tool  post  (low).  Kx. 

Tool  post  for  straight  forming  tools.  Llf 

Cross-slide  drilling  attachment.  M» 

Brake  for  spindle.  Nu 

With  the  exception  of  the  auxiliary  work  support  shown  at  Qt  in 
Fig.  39,  all  of  the  standard  tools  and  attachments  illustrated  are  dealt 
within  detail  in  Machinery's  Reference  Books,  Nos.  99  to  106,  inclu- 
sive, on  "Automatic  Screw  Machine  Practice."  The  attachment  Gx  is 
used  for  steadying  the  work  and  making  it  run  "dead"  true  when  it 
is  desired  to  turn  down  a  portion  of  the  work  perfectly  concentric 
with  the  remainder  of  the  piece,  which  is  not  to  be  operated  on.  This 
device  is  fastened  over  the  hood  enveloping  the  spring  collet  and  ex- 
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Pig.  80.    Representative  Group  of  Standard  Tool*  and  Attachment*  for 
the  Brown  At  Snarpe  Automatic  Screw  Machines 
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tends  in  front  of  the  latter.  The  bushing  a,  shown  solid,  is  then 
drilled  and  reamed  out  from  the  turret,  after  which  it  is  hardened, 
inserted  again  and  lapped. 

Instructions  for  Setting-up  a  Job  on  the  Automatic 
Screw  Machine 

To  illustrate  the  method  followed  in  setting-up  a  job  on  the  Brown 
ft  Sharp  automatic  screw  machines,  we  will  assume  that  a  set  of  cams 
as  illustrated  in  Fig.  40  have  been  designed  and  made  for  producing 
a  button-head  screw  on  the  No.  00  machine.  These  came,  together  with 
the  special  and  standard  tools  which  are  numbered,  are  turned  over 
to  the  operator.  He  also  receives  a  drawing  similar  to  that  shown  in 
Fig.  40.  We  will  assume  (that  the  machine  has  been  set  up  for  an- 
other piece  of  work,  so  that  it  is  necessary  to  dismantle  it.  The  first 
thing  the  operator  does  is  to  remove  all  the  tools  from  the  turret  and 
the  cams  from  the  front  and  rear  end  shafts.  He  also  removes  the 
spring  collet  by  removing  the  cap,  and  the  feed  tube  by  lifting  the 
latch;  then  he  unscrews  the  feed  finger,  which  is  threaded  left-hand. 
The  change  gears  are  now  removed,  leaving  the  machine  dismantled 
ready  for  the  new  job. 

To  proceed,  the  operator  first  inserts  the  spring  collet,  puts  on  the 
cap,  and  then  screws  the  new  feeding  finger  into  the  feed  tube,  and 
inserts  the  latter  into  the  spindle.  He  then  puts  the  stock  into  the 
feed  tube,  and  places  a  suitable  pipe  in  the  stand  in  which  the  stock 
is  to  revolve.  This  pipe  should  be  central  with  the  feed  tubes,  thus 
reducing  the  wear  in  the  hole  of  the  latter.  The  belts  are  now  placed 
on  their  proper  cones,  as  illustrated  in  Fig.  41,  to  give  the  desired 
spindle  speeds  for  the  job.  All  belts  should  be  without  rivets,  and 
preferably  should  be  laced  with  wire,  as  this  gives  a  smoother  run- 
ning belt.  Now  oil  all  the  bearings  with  good  machinery  oil,  and  also 
the  friction  clutch.  The  latter  should  be  oiled  at  least  twice  a  day. 
Then  see  that  the  reservoir  in  the  tank  is  filled  with  good  lard  oil, 
the  latter  being  absolutely  necessary  if  the  machine  is  to  be  run 
economically  and  to  its  full  capacity. 

After  the  belts  have  been  placed  on  the  proper  cones,  the  collet,  feed 
finger,  etc.,  having  been  inserted,  the  change  gears  should  be  put  on 
as  illustrated  in  Fig.  16.  These  gears  are  held  by  thumb  nuts  which 
should  be  tightened  with  the  pin  wrench  supplied  for  that  purpose. 
The  handwheel  F,  is  next  put  on  for  operating  the  machine  by  hand. 

Before  putting  on  the  cams,  set  the  collet  so  that  it  has  the  proper 
grip  on  the  stock.  The  method  for  doing  this  has  been  described  in 
Chapter  I.  Now  open  the  collet  again  and  <push  the  stock  out  far 
enough  to  be  faced  off  by  the  cut-off  tool.  Close  the  collet  by  means 
of  the  handle  and  start  the  spindle.  Now  set  the  cross-slide  circular 
form  and  cut-ofT  tools  directly  at  the  height  of  the  center  of  the  work, 
and  in  their  proper  relation  to  each  other.  Next  put  on  the  front  and 
rear  cross-slide  cams;  and  if  the  job,  as  this  one  does,  requires  a 
threading  operation,  the  shaft  with  the  drum  carrying  the  tripping 
dogs  for  reversing  the  spindle,  should  be  connected  with  the  front 
camshaft. 
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Next,  eet  in  the  cross-slides  by  adjusting  nuts  A*  Fig.  21,  so  that 
the  circular  form  and  cut-off  tools  travel  in  to  the  required  distance. 
Place  the  hollow-mill  in  the  turret,  set  it  correctly,  and  also  set  the 
tripping  dog  so  as  to  revolve  the  turret.  Put  the  box-tool  in  the  tur- 
ret, set  it,  and  also  set  the  dog  for  indexing  the  turret.  The  die  is 
then  set  as  previouslyy  described,  and  all  the  tripping  dogs  are  set  to 
index  the  turret  completely  around.  After  all  the  tools  have  been  set 
in  their  proper  relation,  make  a  piece,  except  threading,  by  turning 
the  handwheel;  at  the  threading  operations  drop  down  the  die  so  that 
it  does  not  pass  onto  the  work.  Gage  the  piece  thus  made;  if  it  is 
correctly  to  size,  and  the  tripping  dogs  for  reversing  the  spindle  and 
the  die  have  been  properly  set,  throw  the  feed  clutch  by  means  of 
handle-  P,  Fig.  1,  and  start  the  machine. 

When  the  bar  is  all  used  up,  the  chuck  should  be  opened  by  tripping 
the  lever,  and  the  turret  revolved  by  withdrawing  the  locking  pin,  so 
that  it  will  not  interfere  with  the  short  piece  left  in  the  chuck,  which 
should  be  driven  out  for  the  insertion  of  a  new  bar.  To  insert  the 
new  bar,  turn  the  handwheel  sufficiently  to  bring  the  shoulder  of  the 
feed  tube  against  the  end  of  the  spindle,  and  push  out  the  bar  just 
far  enough  so  that  its  front  end  can  be  faced  off  with  the  cut-off  tool. 
Now  turn  the  turret  back  Into  position  and  start  the  machine  by 
throwing  in  the  clutch.  The  ends  of  the  rods  of  stock  should  be 
ground  to  remove  the  burrs,  thus  insuring  their  entering  and  feeding 
freely  and  evenly  through  the  feed  tube. 

The  work  should  always  be  tested  after  the  insertion  of  a  new  bar 
of  stock.  If  the  parts  made  are  short  or  thin,  the  tools  will  become 
dull  much  more  quickly;  consequently  the  work  should  be  tested  more 
frequently  in  that  case,  so  that  any  errors  may  be  corrected  as  soon 
as  possible. 


CHAPTER  III 

COUNTERSHAFT  ARRANGEMENT  AND 
SPINDLE  SPEEDS 

The  arrangement  of  the  spindle  speeds  for  the  No.  00  automatic 
screw  machine,  as  well  as  the  spindle  speeds  of  the  No.  00  automatic 
turret  forming  and  the  No.  00  automatic  cutting-off  machines,  are 
shown  in  Fig.  41.  The  spindle  speeds  obtainable  on  the  No.  0  auto- 
matic screw  machine,  as  well  as  the  arrangement  of  the  countershaft 
with  respect  to  the  main  shaft,  is  shown  in  Figs.  42  and  43.  The 
spindle  speeds  'obtainable  on  the  No.  0  automatic  turret  forming  ma- 
chine and  on  the  No.  0  automatic  cutting-off  machine  are  also  given. 
The  arrangement  of  the  spindle  speeds  for  the  No.  2  automatic  screw 
machines  are  shown  in  Figs.  44  and  45,  where  the  spindls  speeds  for 
the  No.  2  automatic  turret  forming  and  automatic  cutting-off  machines 
are  also  given. 
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Arrangement  of  Spindle  Speeds  for  No.  OO  Brown  A  Sharp* 
Automatic  Screw  lieohlnee 


The  counter-shaft  arrangement  shown  in  Figs.  41  to  45  drives  both 
the  main  spindle  and  the  rear  driving  shaft.  The  rear  driving  shaft 
is  driven  independently  of  the  cone  pulleys  by  a  double  loose  pulley 
mounted  on  the  end  of  the  second  countershaft  This  pulley  acts  as 
an  intermediate  between  the  main  line  and  the  feed  mechanism,  driv- 
ing the  latter  at  a  constant  speed.  The  belts  are  all  controlled  by 
means  of  one  shifter  handle. 
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Figs.  4a  and  48.    Arrangement  of  Spindle  Speeds  for  No.  O  Brown  &  Sharp* 
Automatic  Screw  Machines 

For  the  No.  0  machine,  the  countershafting  may  be  set  up  as  in 
Fig.  42  or  as  In  Fig.  43,  to  suit  the  location  of  the  main  line-shaft.  In 
Fig.  42,  A  is  on  the  outside  of  the  hanger,  and  in  Fig.  43,  on  the  in- 
side. The  first  countershaft  is  always  nearest  the  main  line-shaft,  and 
the  sides  R  of  the  hangers  are  always  its  support.  The  long  shaft  8 
with  pulley  B  may  be  placed  in  either  pair  of  boxes,  so  that  belt  C 
will  clear  the  feed-slide  of  the  machine.  If  belt  E  interferes  with  the 
shifter-rod  at  D.  belts  E  and  C  may  be  crossed.     The  belts  will  gen- 
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Fig*.  44  and  46.    Arrangement  of  Spindle  Speeds  for  No.  S  Brown  A  Bharpe 
Automatic  Screw  Machines 

erally  clear,  as  the  main  line-shaft  is  usually  lower  than  the  counter- 
shaft. Rod  F  can  be  nearly  vertical  when  the  drilling  attachment  is 
not  used. 

For  the  No.  2  machine,  the  countershaft  can  be  set  up  as  in  Fig.  44, 
or  as  in  Fig.  45,  to  suit  the  location  of  the  main  line-shaft.  In  Fig. 
44,  A  is  on  the  outside  of  the  hanger,  and  in  Fig.  45,  on  the  inside. 
The  long  shaft  with  pulley  B  can  be  placed  in  either  pair  of  boxes,  so 
that  belt  C  will  clear  the  feed-slide  of  the  machine.  If  belt  E  should 
interfere  with  the  shifter-rod  at  £,  belts  E  and  C  may  be  crossed. 
Belt  E  will  generally  clear  as  the  main  line-shaft  is,  as  a  rule,  lower 
than  the  countershaft 


Digitized  by 


Google 


46 


No. 


99-SCREW  MACHINE  PRACTICE 

IO  iH  •*  60  0>  <0  T*  00  •<*  O  CO  00  Avh^IKD  Oft  i-ieoioaDO  09  10 
©  go  «e»  e©  tn  o> « "^  ih  e»  to  ^  on  e-  o*  b-  oo  ao  oo  *o  »  o>  •*•  a» 

dSSS83^8883V3338SS§:8888| 

CftOQeocoo»o<i^i<«DOft^ee«DQoeQi>c()«DvH«DOiea»-^4aft 

9S8a88888888S88EiE:88S§§sg 
SS88888883S9888gg8S88SS8 

THHHH 

o9d>t«ioooTHOftt*toeoi-iedt*o9QO^o«DG9QOe90ftie)fH 

aS8888li«88388888888S8888 

O>O>O>0000Gfte-00a0t»t*t-t-®«D«»O«O"^^^l<80CO« 

5S8&88895SS88&g&8g33gjS8§ 

o)CQ0909oo^^4^4U3io«>«Dfc»t«aoa>o^HOQ09eo^4io«o 

S8888888888888i888§gg8i§8g 

0»oQooo«Di-i'^4Aeoaocnt*i-ioo>aot*«0iO'^ieooQ^Oft 

&8&888888888e:88S8S888888 

T^HYHrHrlHtHH 

«D»©fc-flseoeo©©a»aot««ioe©e*o&ao«,*'e©-««ftt-i© 

S2828393888gS88§&g§£§8Jg§ 

aoo«o»®ooootot«o»Hooe«TH0o-^ao^«oieo> 

888S9^888&e88S'|SSg888g§§ 

THi-it*OC(t^O)0000^^<'^IOIO«D<O^OOOOOftO>OTH<fH 

38&99SS8e£88S88838888S&8 

'*ioi-i«oaoT-ic&THC9O9'44io«eaooo*'4<«ot'»o**eoi0t* 

SS'8'99'S8BgeSSS|§SS'Sg|||2| 

«De«t«o>c(tio^cDaoo«-iG9<^fc»oeo«Dbfto9ioaOfH'^4t* 

888988!ie88883888S883888i: 

T-l7-lT^r-liHiTHrHTHGQ0)G9eM0$0t 

'*aoiHOQC»-*iQOcot«i-t<*GOioeoe»£-'*o*e»«DeoT-iao 

889S888S888S&8$88888'88S8 

o<»-*^o«»co^woicoi>ooo»ooooao«5«THao»oo 

858SS888||58'3|B'S|S||||§'S 

ce^^iott«ooc6aoococoiHfr»o90ftcDO*aftie)c<iaO'*ti-4 

^«o«t^ooo&oi^«co^ioi^cft^«^fc-d»*-i«SSSr» 

e^go^cd<Oi-icDO(tr*oooft^Oi-ioi)^iiC)«pt«o>Q^o9-« 

888§SsS&S88a88838888.888l 

o  o  o  o  o  o*  o*  o*  o  o  o  o  o  o  o  o  o*  o  o*  o  o  o  o  Q 


8 


28 


I 
5 


CO 

I 


JOJ9)9Ut«KI 


Digitized  by 


Google 


SPINDLE  SPEEDS 


47 


ao  ao  »  ao  qo  r-  fc^  ^  ^  to  «  « to  «o  te>  i©  i©  »©  i©  i©  ^  ^  •* 
od  a>  o  **  09*  00  ■*"  io  co'  «**  oo*  o  ej j  -J  09*  oo  •«*  l4  cq  £^  00  o  ©  2J 


2 

a 
5 


9 


g 


5 
§ 

a 


i 

s 

1 


o    I 


pnapod 


J0J9)9ttl*KI 


aoT-«ooi©t*o»tO'^itooooc9'^toaooodi©t«otti^ooi©t* 

SSS25SS38S8888&a8S888S&8 


^«©^Cft«**ooooaoooooeoaoo©aoeQb-e9t-e9t-c9t~eQt- 

S2SSS8a8aS88S82S&8338385 


t*^otoo90ieeQooi©iHt«'^otooeo»i©c(iQoi©T-4  0o^ 
THTHTHrHC909o^c40)G9eoeoooo5oooO'^^^^^,^oo 


O»'<*O9*H8»OOCOl©OO^4OaOt«l©OOe9OC»t>>C0<4<e9^Cft 

S8888888i588S88888Q8S88S8 


OH»0)8OA9»Aft»888ftOOOeOOOOO 

S8388S8S83&83888S8S88888 


^i*r«o»o9>©t*oo9i©ooTH9fdtoo»TH^t«o»o9i©aooooto 

8&SS85S88398598288S388SS 


OOaD00fc--»HC0©^Cfc0©fc«C9teT-4»©O<*<00C9l*<rH»0© 

338888883888888888888888 


e90QO«o^e90ooco^oQettt*i©»THO»fc*aeosi-4C»r*io  . 

888888935888883888888888 


ooooi>**t*<ocococo<oeoi©i©i©io-<*'4''4''<<eoeoeoeoe9 

8888888SS8S8888388S88S88 


t»'*aOC9fc-i-ll©©'*«OOe©fc-THCO©««*Oe©»^fl9CO©l©© 

855338888888888888888388 


t-*<©oDo©©c©c9onofl9oD«*<i-*t"-o©©c©©o©io 

883858338388888538838 


(MOO-* 

S'escd 
^H  i-H 


09  09  00  00  oo 

83338 


8838888888S8383S888 


d*1*  t~©09 

88888 


8888888835382 


cooo-h 

238 


00  CD  00 

538 


O^CftOOC* 


C9CO^»©©'*«00e©fc-»-C©©»© 

8St-*»aoooaoo»S©©  — ^h 


9  00  00 

© 


I     CO— <00l©09 

I  95888 


ot*^^HCO<oeQO»t«^4^Hoo^o9a»co 

8'  O  I©  ©  ^'  ©  ^  00  OO  30  00  t>  09  t-"  --'  CO 
i^t-aooooocftoaoo^H^Hfl9c<»ooco 


r!«o^ 
^■v«© 


ooooo 


©O©©o©co©c9*©ao«-K5oo  — 

5?  3;  25  io iio  i© >  to i  co  cO  t- ■  t- •  t-  oo 

oooooooo ooooo 


««*I©C 

aoaoc 


;8S§ 


HX5^!tH5^3W2&*tS3^ 


Digitized  by 


Google 


48  No.  99- SCREW  MACHINE  PRACTICE 

Surfece  Speed  of  Stock 

Tables  II  and  III  give  surface  speeds  of  stock  varying  in  diameter 
from  1/64  to  1  inch.  All  the  spindle  speeds  obtainable  on  the  various 
sizes  of  automatic  screw  machines  are  included,  except  a  few  spindle 
speeds  which  are  so  near  to  those  listed  that  the  variation  in  the  sur- 

TABXJB  IV.    PRINCIPAL  DIMENSIONS  OF  AUTOMATIC  SCREW  MACHINBS 


No.  of  Machine 


00 


No.  of  changes  of  spindle  speed* •. . . 

Dia.  of  hole  through  largest  leed  finger 

Dia.  of  hole  through  feed  tube 

Extreme  length  of  feed 

Extreme  length  that  can  be  turned 

No.  of  holes  in  turret 

Dia.  of  holes  in  turret 

Dia.  of  turret 

Greatest  length  of  tool  that  turret  will  swing. 

Least  distance  bet.  turret  and  collet  face 

Greatest  distance  bet.  turret  and  collet  face. 
Greatest  dia.  that  turret  will  swing  and  clear 

turret  slide 

Adjustment  of  turret 

Movement  of  cross-slides 

Distance  from  center  of  spindle  to  floor 
Floor  space 


12 

A" 

V 

If 

6 

f 
3f" 

2f 
H" 
3" 

If 

i" 

46" 


12 
f 

f 

If 
6 

f 
4" 
8f 
2f 
H" 

2f 

H" 
46" 
22" x 40  23" x  51" 


12 

f 

2f 

6 

1" 

5" 

3f 
2f 
6f 

nn 

i" 

if 

46" 
26"  x  60 


i 


l 


face  speed  of  the  stock  would  be  very  slight.  For  diameters  and  spindle 
speeds  not  listed  in  the  table,  it  will  be  an  easy  matter  to  find  the 
equivalent  surface  speed  in  feet  per  minute  by  simple  proportion. 

In  Table  IV  are  given  the  principal  dimensions  of  the  Brown  ft 
Sharpe  automatic  screw  machines.  The  dimensions  here  given  will  be 
found  useful  both  by  the  operator  of  the  machine  and  the  designer  of 
cams  and  tools  for  automatic  screw  machine  work. 
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Vo.  50.  FrlnoipUs  and  Praotlce  of  As- 
wmMlBf  Maonln*  Tools,  Part  I. 

Ho.  51.  Principle*  and  Practice  of  Af- 
somnling-  Machine  Tools,  Part  II. 

Vo.  52.  Advanced  Shop  Arithmetic  for 
the  Machinist. 

Vo.  63.  Use  of  logarithms  and  togax- 
ithmic  Tables. 

Ho.  54.  Solution  of  Triangles,  Part  I. 
— Methods,  Rules  and  Examples. 

Vo.  55.  Solution  of  Triangles,  Part  II. 
— Tables  of  Natural  Functions. 

Vo.  56.  Ball  Bearings. — Principles  of 
Design  and  Construction. 

Vo.  57.  Metal  Spinning. — M achlnes, 
Tools  and  Methods  Used. 

Vo.  58.  Helical  and  Elliptic  Springs.— 
Calculation  and  Design. 

Vo.  59.  Machines,  Tools  and  Methods 
of  Automobile  Manufacture. 

Vo.  60.  Construction  and  Manufacture 
of  Automobiles. 

Vo.  ei.  Blacksmith  Shop  Practice.— 
Model  Blacksmith  Shop;  welding;  Forg- 
ing of  Hooks  and  Chains;  Miscellaneous. 

Vo.  62.  Hardness  and  Durability  Test- 
ing of  Mstals. 

Vo.  63.  Heat  Treatment  of  Steel. — 
Hardening,  Tempering,  Case-Hardening. 

Ho.  64.    Gage  Making  and  Zapping. 

Ho.  65.  Formulas  and  Constants  fox 
Gas  Engine  Design. 

Ho.  66.  Heating  and  Ventilation  of 
Shops  and  Offices. 

Ho.  67.    Boilers. 

Ho.  68.  Boiler  Furnaces  and  Chim- 
neys. 

Ho.  68.    Feed  Water  Appliances. 

Ho.  70.    Steam  Engines. 

Ho.  71.    Steam  Turbines. 

Ho.  78.  Pumps,  Condensers,  Steam  and 
Water  Piping. 

Ho.  73.  Principles  and  Applications  of 
Electricity,  Part  I. — Static  Electricity; 
Electrical   Measurements;   Batteries. 

Ho.  74.  Principles  and  Applications  of 
Electricity,  Part  II. — Magnetism;  Elec- 
tro-Magnetism ;    Electro-Plating. 

Ho.  75.  Principles  and  Applications  of 
Electricity,  Part  III. — Dynamos;  Motors; 
Electric   Railways. 

Ho.  76.  Principles  and  Applications  of 
Electricity,    Part    IV.— Electric    Lighting. 

Ho.  77.  Principles  and  Applications  of 
Electricity,  Part  V. — Telegraph  and  Tele- 
phone. 

Ho.  78.  Principles  and  Applications  of 
Electricity,  Part  VI. — Transmission  of 
Power. 


Ho.  79.  locomotive  Building,  Part  I.— 
Main  and  Side  Rods. 

Ho.  80.  Locomotive  Building,  Part  II. 
— Wheels;  Axles;  Driving  Boxes. 

Ho.  81.  Locomotive  Building,  Part  III. 
— Cylinders  and   Frames. 

Ho.  82.  Locomotive  Building,  Part  IV. 
— Valve  Motion. 

Ho.  83.  Locomotive  Building,  Part  V 
— Boiler   Shop   Practice. 

Ho.  84.  Locomotive  Building,  Part  VI. 
— Erecting. 

Ho.  85.  Mechanical  Brewing,  Part  I. 
— Instruments;  Materials;  Geometrical 
Problems. 

Ho.  86.  Mechanical  Brewing,  Part  II. 
— Projection.* 

Ho.  87.  Mechanical  Brewing,  Part  II L 
— Machine  Details. 

Ho.  88.  Mechanical  Brewing,  Part  IV. 
— Machine   Details. 

Ho.  89.  The  Theory  of  Shrinkage  and 
Forced  Fits. 

Ho.  90.    Hallway  Bepeir  Shop  Practice. 

Ho.  91.  Operation  of  Machine  Tools. — 
The  Lathe,  Part  I. 

Ho.  92.  Operation  of  Machine  Tools. — 
The  Lathe.  Part  II. 

Ho.  93.  Operation  of  Machine  Tools. — 
Planer,  Shape r,  Blotter. 

Ho.  94.  Operation  of  Machine  Tools. — 
Drilling:  Machines. 

Ho.  95.  Operation  of  Machine  Tools.— 
Boring  Machines. 

Ho.  96.  Operation  of  Machine  Tools. — 
Milling  Machines,  Part  I. 

Ho.  97.  Operation  of  Machine  Tools. — 
Milling  Machines.  Part  II. 

Ho.  98.  Operation  of  Machine  Tools. — 
Grinding  Machines. 

Ho.  99.  Automatic  Screw  Machine 
Practice,  Part  I. — Operation  of  the  Brown 
&  Sharpe  Automatic  Screw  Machine. 

Ho.  100.  Automatic  Screw  Machine 
Practice,  Part  II. — Designing  and  (Tutting 
Cams  for  the  Automatic  Screw  Machine. 

Ho.  101.  Automatic  Screw  Machine 
Practice,  Part  III. — Circular  Forming  and 
Cut-off  Tools. 

Ho.  102.  Automatic  Screw  Machine 
Practice,  Part  IV. — External  Cutting 
Tools. 

Ho.  103.  Automatic  Screw  Machine 
Practice,  Part  V — Internal  Cutting  Tools. 

Ho.  104.  Automatic  Screw  Machine 
Practice,  Part  VI. — Threading  Operations. 

Ho.  105.  Automatic  Screw  Kaohlne 
Practice.  Part  VII. — Knurling  Operations. 

Ho.  106.  Automatlo  Screw  Machine 
Practice,  Part  VIII. — Cross  Drilling,  Burr- 
ing and  Slotting  Operations. 


ADDITIONAL  TITLES  WILL  BB  ANNOUNCED  IN  MACHINERY  FROM  TIME  TO  TIME 


MACHINERY'S   DATA   SHEET   SERIES 

Machinery's  Data  Sheet  Books  include  the  well-known  series  of  Data  Sheets 
originated  by  Machinery,  and  issued  monthly  as  supplements  to  the  publication; 
of  these  Data  Sheets  over  500  have  been  published,  and  6,000,000  copies  sold.  Re- 
vised and  greatly  amplified,  they  are  now  presented  in  book  form,  kindred  sub- 
jects being  grouped  together.  The  purchaser  may  secure  either  the  books  on 
those  subjects  in  which  he  is  specially  interested,  or,  if  he  pleases,  the  whole  set  at 
one  time.  The  price  of  each  book  is  25  cents  (one  shilling)  delivered  anywhere 
in  the  world. 


CONTENTS  OF  DATA  SHEET  BOOKS 


Ho.  1.  Serew  Threads. — United  States, 
Whitworth,  Sharp  V-  and  British  Associa- 
tion Standard  Threads;  Briggs  Pipe 
Thread;  Oil  Well  Casing  Gages;  Fire  Hose 
Connections;  Acme  Thread;  Worm 
Threads;  Metric  Threads;  Machine,  Wood, 
and  Lag  Screw  Threads;  Carriage  Bolt 
Threads,  etc. 

Mo.  2.  Screws,  Bolts  and  Vats. — Fil- 
lister-head, Square-head,  Headless,  Col- 
lar-head and  Hexagon-head  Screws;  Stand- 
ard and  Special  Nuts;  T-nuts,  T-bolts  and 
Washers;  Thumb  Screws  and  Nuts;  A.  L. 
A.  M.  Standard  Screws  and  Nuts;  Machine 
Screw  Heads;  Wood  Screws;  Tap  Drills; 
Lock  Nuts;  Eye-bolts,  etc. 

Mo.  3.  Taps  and  Dies. — Hand,  Machine, 
Tapper  and  Machine  Screw  Taps;  Taper 
Die  Taps;  Sellers  Hobs;  Screw  Machine 
Taps;  Straight  and  Taper  Boil3r  Taps; 
Stay-bolt,  Washout,  and  Patch-bolt  Taps; 
Pipe  Taps  and  Hobs;  Solid  Square,  Round 
Adjustable  and  Spring  Screw  Threading 
Dies. 

No.  4.  Seamen,  Sockets,  Drills  and 
Hillinff  Cutters.— Hand  Roamers;  Shell 
Reamers  and  Arbors;  Pipe  Reamers;  Taper 
Pins  and  Reamers;  Brown  &  Sharpe, 
Morse  and  Jarno  Taper  Sockets  and  Ream- 
ers; Drills;  Wire  Gages;  Milling  Cutters; 
Setting  Angles  for  Milling  Teeth  in  End 
Mills  and  Angular  Cutters,  etc. 

Ho.  5.  Spur  Gearing. — Diametral  and 
Circular  Pitch;  Dimensions  of  Spur  Gears; 
Tables  of  Pitch  Diameters;  Odontograph 
Tables;  Rolling  Mill  Gearing;  Strength  of 
Spur  Gears;  Horsepower  Transmitted  by 
Cast-iron  and  Rawhide  Pinions;  Design  of 
Spur  Gears;  Weight  of  Cast-iron  Gears; 
Epicyclic  Gearing. 

No.  6.  Bevel,  Spiral  and  Worm  Gear- 
ing.— Rules  and  Formulas  for  Bevel 
Gears;  Strength  of  Bevel  Gears;  Design 
of  Bevel  Gears;  Rules  and  Formulas  for 
Spiral  Gearing;  Tables  Facilitating  Calcu- 
lations; Diagram  for  Cutters  for  Spiral 
Gears;  Rules  and  Formulas  for  Worm 
Gearing,  etc. 

No.  7.  Shafting,  Keys  and  Xeyways. — 
Horsepower  of  Shafting;  Diagrams  and 
Tables  for  the  Strength  of  Shafting; 
Forcing,  Driving,  Shrinking  and  Running 
Fits;  Woodruff  Keys;  United  States  Navy 
Standard  Keys;  Gib  Keys;  Milling  Key- 
ways;   Duplex  Keys. 

No.  8.  Bearings,  Couplings,  Clutches, 
Crane  Chain  and  Hooks. — Pillow  Blocks; 
Babbitted  Bearings;  Ball  and  Roller  Bear- 
ings; Clamp  Couplings;  Plate  Couplings; 
Flange  Couplings;  Tooth  Clutches;  Crab 
Couplings;  Cone  Clutches;  Universal 
Joints;  Crane  Chain;  Chain  Friction; 
Crane  Hooks;  Drum  Scores. 

No.  9.  Springs,  Slides  and  Machine 
Details. — Formulas  and  Tables  for  Spring 
Calculations;  Machine  Slides;  Machine 
Handles  and  Levers;  Collars;  Hand 
Wheels;  Pins  and  Cotters;  Turn-buckles, 
etc.  *■ 

No.  10.  Motor  Drive,  Speeds  and  Feeds, 
Change  Gearing,  and  Boring  Bars. — Power 
required  for  Machine  Tools;  Cutting 
Speeds  and  Feeds  for  Carbon  and  High- 
speed Steel;  Screw  Machine  Speeds  and 
Feeds;     Heat     Treatment    of    High-speed 


Steel  Tools;  Taper  Turning;  Change  Gear- 
ing for  the  Lathe;  Boring  Bars  and  Tools, 

No.  11.  Milling  Machine  Indexing, 
Clamping    Devices    and    Planer    Jacks. — 

Tables  for  Milling  Machine  Indexing; 
Change  Gears  for  Milling  Spirals;  Angles 
for  setting  Indexing  Head  when  Milling 
Clutches;  Jig  Clamping  Devices;  Straps 
and  Clamps;  Planer  Jacks. 

Ho.  12.  Pipe  and  Pipe  Pitting* — Pipe 
Threads  and  Gages;  Cast-Iron  Fittings; 
Bronze  Fittings;  Pipe  Flanges;  Pipe 
Bends;  Pipe  Clamps  and  Hangers;  Dimen- 
sions of  Pipe  for  Various  Services,  etc. 

No.  13.  Boilers  and  Chimneys. — Flue 
Spacing  and  Bracing  for  Boilers;  Strength 
of  Boiler  Joints;  Riveting;  Boiler  Setting; 
Chimneys. 

No.  14.  Locomotive  and  Railway  Data. 
— Locomotive  Boilers;  Bearing  Pressures 
for  Locomotive  Journals;  Locomotive 
Classifications;  Rail  Sections;  Frogs, 
Switches  and  Cross-overs;  Tires;  Tractive 
Force;  Inertia  of  Trains;  Brake  Levers; 
Brake  Rods,  etc. 

No.  15.  Steam  and  Gas  Engines. — Sat- 
urated Steam;  Steam  Pipe  Sizes;  Steam 
Engine  Design;  Volume  of  Cylinders; 
Stufliing  Boxes;  Setting  Corliss  Engine 
Valve  Gears;  Condenser  and  Air  Pump 
Data;  Horsepower  of  Gasoline  Engines; 
Automobile    Engine    Crankshafts,    etc 

Ho.  16.  Mathematical  Tables. — Squares 
of  Mixed  Numbers;  Functions  of  Frac- 
tions; Circumference  and  Diameters  of 
Circles;  Tables  for  Spacing  off  Circles; 
Solution  of  Triangles;  Formulas  for  Solv- 
ing Regular  Polygons;  Geometrical  Pro- 
gression, etc. 

Ho.  17.  Mechanics  and  Strength  of  Ma- 
terials.— Work;  Energy;  Centrifugal 
Force;  Center  of  Gravity;  Motion;  Fric- 
tion; Pendulum;  Falling  Bodies;  Strength 
of  Materials;  Strength  of  Flat  Plates; 
Ratio  of  Outside  and  Inside  Radii  of 
Thick  Cylinders,  etc. 

Ho.  18.  Beam  Pormnlas  and  Structural 
Design. — Beam  Formulas;  Sectional  Mod- 
uli of  Structural  Shapes;  Beam  Charts; 
Net  Areas  of  Structural  Angles;  Rivet 
Spacing;  Splices  for  Channels  and  I- 
beams;   Stresses  in  Roof  Trusses,   etc. 

Ho.  19.  Belt,  Bope  and  Chain  Drives- — 
Dimensions  of  Pulleys;  Weights  of  Pul- 
leys; Horsepower  of  Belting;  Belt  Veloc- 
ity; Angular  Belt  Drives;  Horsepower 
transmitted  by  Ropes;  Sheaves  for  Rope 
Drive;  Bending  Stresses  in  Wire  Ropes: 
Sprockets  for  Link  Chains;  Formulas  and 
Tables  for  Various  Classes  of  Driving 
Chain. 

Ho.  20.  Wiring  Diagrams,  Heating  and 
Ventilation,  and  Miscellaneous  Tables. — 
Typical  Motor  Wiring  Diagrams;  Resist- 
ance of  Round  Copper  Wire;  Rubber  Cov- 
ered Cables;  Current  Densities  for  Vari- 
ous Contacts  and  Materials;  Centrifugal 
Fan  and  Blower  Capacities;  Hot  Water 
Main  Capacities;  Miscellaneous  Tables: 
Decimal  Equivalents,  Metric  Conversion 
Tables,  Weights  and  Specific  Gravity  of 
Metals,  Weights  of  Fillets,  Drafting-room 
Conventions,    etc. 
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Automatic  Screw  Machine  Practice  for  the  Brown  ft  Sharpe  auto- 
matic screw  machines  is  covered  in  eight  Reference  Books,  Nos.  99  to 
106,  inclusive.  Reference  Book  No.  99,  "Operation  of  the  Brown  ft 
Sharpe  Automatic  Screw  Machines/'  deals  with  the  construction  of 
these  machines  and  the  setting-up  of  the  tools.  No.  100,  "Designing  and 
Cutting  Cams  for  Automatic  Screw  Machines,"  gives  detailed  instruction 
on  cam  design,  and  describes  a  simplified  method  for  milling  cams. 
No.  101,  "Circular  Form  and  Cut-off  Tools  for  tffe  Automatic  Serfew 
Machine,"  deals  with  the  general  arrangement  and  the  calculations  of 
these  tools,  and  describes  the  different  methods  employed  in  their 
making.  No.  102,  "External  Cutting  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  design  and  construction  of  box-tools,  taper 
turning  tools,  hollow  mills,  and  shaving  tools.  No.  103,  "Internal  Cut- 
ting Tools  for  the  Automatic  Screw  Machine,"  deals  with  centering 
tools,  cross-slide  drilling  attachments,  counterbores,  reamers,  and  re- 
cessing tools.  No.  104,  "Threading  Operations  on  the  Automatic  Screw 
Machine,"  treats  on  cam  design  for  threading  operations,  threading 
dies,  taps  and  tap  drillB,  die  and  tap  holders,  and  thread  rolling.  No. 
105,  "Knurling  Operations  on  the  Automatic  Screw  Machine,"  describes 
the  construction  of  knurling  holders,  and  gives  directions  for  the  mak- 
ing of  knurls  and  the  design  of  tools  and  cams  used  in  connection  with 
knurling  operations.  No.  106,  "Milling;  Cross-drilling  and  Burring 
Operations  on  the  Automatic  Screw  Machine,"  describes  screw-slotting 
attachments,  index  drilling  attachments,  and  burring  attachments,  giv- 
ing directions  for  their  use  and  for  the  design  of  cams  for  them. 
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CHAPTER  I 


DESIGNING  SCREW  MACHINE  CAMS 


The  object  of  the  present  chapter  is  to  give  the  average  mechanic 
and  draftsman  a  clear  idea  of  the  methods  employed  when  designing 
special  tools  and  cams  for  the  Brown  &  Sharpe  automatic  screw  ma- 
chine. The  first  thing  to  be  explained  is  the  change-gear  mechanism, 
as  on  this  are  based  the  fundamental  principles  used  in  the  construc- 
tion of  the  tables  for  laying  out  cams.  Following  this,  the  construction 
of  the  rise  and  drop  on  the  cams,  which  is  governed  by  the  amount  of 
clearance  necessary  for  one  tool  to  pass  another  will  be  treated.    Then 
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Diagram  of  Gearing*  on  the  No.  CO  Brown  *  Sharpe 
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a  number  of  general  points  which  should  be  of  value  especially  to  those 
who  are  not  experienced  in  this  class  of  work,  are  given. 
Change- gear  Mechanism 

A  system  of  simple  gearing  is  used  on  the  No.  00  Brown  &  Sharpe 
automatic  screw  machine,  as  clearly  shown  in  Fig.  1.  The  worm  has  a 
double  thread;  hence  for  every  revolution  of  the  worm,  the  worm-wheel 
travels  through  a  distance  of  two  teeth.  To  find  the  change  gears,  as- 
sume that  it  is  required  to  make  one  piece  in  12  seconds.  This  necessi- 
tates that  the  worm-wheel  make  one  revolution  in  12  seconds.  As  there 
are  40  teeth  in  the  worm-wheel  and  the  worm  has  a  double  thread,  the 
worm  shaft  will  make  40-T-2  or  20  revolutions  in  12  seconds.     The 
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driving  shaft  runs  constantly  at  120  R.  P.  M.  or  2  revolutions  per 
second.  Then  the  driving  shaft  will  mate  12  X  2  or  24  revolutions 
in  12  seconds.  As,  in  this  case,  the  driving  shaft  is  required  to  run  the 
faster,  we  will  put  the  gear  with  the  smaller  number  of  teeth  on  that 
shaft.  Now  if  we  have  gears  having  20  and  24  teeth,  respectively,  they 
will  "do  the  trick/'  but  after  referring  to  the  gears  supplied  with  the 
machine  we  find  that  a  gear  with  24  teeth  is  not  available,  so  multiply- 
ing the  number  of  teeth  in  each  by  two  (which  does  not  change  the 
ratio)  the  gears  will  be:  40-tooth  gear  on  driving  shaft;  4 8- tooth  gear 
on  worm  shaft. 

On  the  No.  0  Brown  &  Sharpe  automatic  screw  machine  there  is 
also  one  driving  and  one  driven  gear,  but  on  this  machine  the  gear 
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Fig-,  a.    Diagram  of  Gearing-  on  the  No.  O  Brown  *  Sharpe 
Automatic  Screw  Machine 

which  is  called  the  driver  is  placed  on  the  second  driving  shaft  as 
shown  in  Fig.  2.  Then,  before  finding  the  change  gears  it  is  necessary 
to  find  the  speed  of  the  gear  on  this  second  driving  shaft.  The  first 
driving  shaft  runs  constantly  at  a  speed  of  180  R.  P.  M.     Then  the 

180  X  58 

speed  of  the  second  driving  shaft  = =  120  R.  P.  M.    To  find 

87 
the  change  gears,  assume  that  it  is  required  to  make  one  piece  in  36 
seconds.  (To  obviate  confusion,  we  will  call  the  second  driving  shaft, 
which  runs  at  120  R.  P.  M.,  the  main  driving  shaft).  Since  the  cam 
shaft  is  to  make  one  revolution  in  36  seconds  and  as  there  are 
60  teeth  in  the  worm-wheel  and  the  worm  has  a  single  thead.  the 
worm  shaft  will  make  60  revolutions  in  36  seconds.  The  driving  shaft 
which  runs  at  120  R.  P.  M.,  or  two  revolutions  per  second,  will  make 
72  revolutions  in  36  seconds.  From  this  we  see  that  the  driving  shaft 
la  required  to  run  the  faster  of  the  two,  and,  hence,  the  smaller  gear 
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will  be  put  on  this  shaft.  The  gears  to  use  could  have  60  and  72  teeth, 
respectively;  or,  by  dividing  the  number  of  teeth  in  each  by  two,  we 
have  30  and  36  teeth,  respectively. 

The  gears  can  also  be  found  directly  by  the  formula: 
120  X  D  3600 


W  8 

where  D  =  number  of  teeth  in  gear  on  driving  shaft, 
W  =  number  of  teeth  in  gear  on  worm  shaft, 
&=time  in  seconds  to  make  one  piece. 

120  X  D  3600 

then, = or  120  D  =  100  W;  W=1.2  D. 

W  36 

Let  D  =  30.    Then  W  =  30  X  1.2  =36. 


(1) 
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Tig.  8.    Diagram  of  Gearing  on  the  No.  2  Brown  *  Sharp* 
Automatic  Screw  Machine 

A  system  of  compound  gearing  is  used  on  the  No.  2  Brown  ft  Sharpe 
automatic  screw  machine  making  it  necessary  to  find  the  various  gears 
by  factoring.  To  explain  the  method  of  finding  the  gears  we  will 
take  a  practical  example.  Let  it  be  required  to  find  the  gears  to 
make  one  piece  in  28  seconds.  Referring  to  Fig.  3  we  find  that  the 
speed  of  the  driving  shaft  is  120  R.  P.  M.  There  are  60  teeth  in  the 
worm-wheel  and  the  driving  worm  has  a  single  thread.  Thus  the  cam 
shaft  must  make  one  revolution  in  28  seconds.  The  worm  shaft  will 
make  60  revolutions  in  28  seconds  as  the  worm  has  a  single  thread. 
The  driving  shaft  makes  2  revolutions  per  second  or  56  revolutions  in 
28  seconds.  It  will  thus  be  seen  that  the  worm  shaft  (or  driven  shaft) 
is  required  to  run  the  faster  of  the  two.     Therefore,  the  product  of 
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the  number  of  teeth  in  the  driven  gears  should  be  smaller  than  the 
product  of  the  number  of  teeth  in  the  driving  gears.    The  ratio  of  the 

60 
gearing  equals  — .     By  dividing  the  numerator  and  denominator  into 

56 
factors  and  multiplying  each  pair  of  factors  by  the  same  number  we 
find  the  gears: 

60         10  X  6  (10  X  8)  X  (6  X  6)  80  X  36 

56""    4  X  14    ~"     (4  X  8)  X  (14  X  6)  32  X  84  ' 

Then  the  gears  are  as  follows: 

80,  gear  on  driving  shaft;  36,  second  gear  on  stud;  32,  first  gear  on 
stud;  84,  gear  on  worm  shaft. 

How  Tables  for  Laying  out  Cams  are  Constructed 

Before  a  table  can  be  constructed  it  is  necessary  to  know  the  range 
of  spindle  speeds  obtainable  and  also  the  speed  of  the  driving  shaft. 
Then  the  number  of  seconds  to  make  one  piece  is  placed  in  the  first 
column  of  the  table,  and  the  number  of  revolutions  to  complete  one 
piece  is  placed  under  the  various  spindle  speeds  as  shown  in  Table  I. 
The  total  number  of  revolutions  to  make  one  piece  is  found  by  the 
RXS 

following  formula:  r= ,  where  R  =  revolutions  of  spindle  per 

60 
minute  (R.  P.  M.),  £  =  time  in  seconds  to  make  one  piece,  and  r  = 
total  number  of  revolutions  to  make  one  piece.  The  total  number  of 
revolutions  to  complete  one  piece  can  also  be  found  by  adding  together 
the  number  of  revolutions  required  for  each  operation  plus  the  revolu- 
tions required  for  clearance,  feeding  the  stock,  and  revolving  the  tur- 
ret. The  number  of  seconds  to  make  one  piece  is  found  by  the  following 
formula: 

r  X  60 

B  = .  (2) 

R 

The  time  required  to  feed  stock  and  revolve  the  turret  on  the  various 
Brown  &  Sharpe  automatic  screw  machines  is  as  follows:  No.  2  ma- 
chine, 1  second;  No.  0  machine,  2/3  seconds;  No.  00  machine,  1/2 
second.  The  revolutions  of  the  spindle  required  to  feed  stock  and 
revolve  the  turret  on  the  various  machines  are  found  by  the  following 
formulas: 

No.  2  machine,  r1  =  Rs-  60  (3) 

No.  0  machine,  r1  =  i?-r- 90  (4) 

No.  00  machine,  rt  =  R  -?-  120  (5 ) 

where  rx  =  revolutions  of  spindle  to  feed  stock  and  revolve  turret, 
R  ==  speed  of  spindle  in  revolutions  per  minute. 
Now,   to  convert  the  revolutions  required  to  feed  stock  Into  hun- 
dredths of  the  cam    surface,   it   is   necessary  to  know  the  time   In 
seconds  required  to  make  one  piece  and  the  speed  of  the  spindle.    For 
example,  let  it  be  required  to  construct  a  table  for  laying  out  cams 
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TABLB  I.    OHANQB  GBABS  AND  DATA  FOB  LAYING  OUT  CAMS. 
No.  OO  BBOWN  *  SBABPB  AUTOMATIC  8CBBW  MACHINE 


The  number  of  hundredths  riven  is  always  sufficient  for  feeding  stock,  but  it  is 
usually  best  to  add  i-lOO  for  revolving-  the  Turret. 

for  the  No.  2  Brown  &  Sharpe  automatic  screw  machine.  For  a 
spindle  speed  of  182  R.  P.  M.,  as  shown  in  Table  III  (assuming  that  it 
takes  10  seconds  to  make  one  piece),  we  find: 


RX  8 


182  X  10 


-  =  30.3 


60 


60 


or  approximately  30  revolutions.     We  now  put  30  revolutions  in  the 
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TABLB  II.    CHANQB  GBAR8  AND  DATA  FOB  LAYING*  OUT  CAMS. 
No.  O  BROWN  *  SHARPS  AUTOMATIC  SCREW  MACHINB 


column  under  182  as  shown,  and  proceed  to  find  the-  resolutions  to 
feed  stock,  which  according  to  Formula  (3)  equals: 

R  -?-  60  =  182  -5-  60  =  3.03    revolutions. 
Now,  to  find  the  hundredths  of  the  cam  surface  to  feed  stock,  divide 
the  revolutions  to  feed  stock  by  the  total  revolutions  of  the  spindle 
required   to  make  one  piece.     In  this  case  we  find  that  it. requires 
3.03 

-  =  0.099  or  approximately  10  hundredths.     It  is  always  advisable 
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TABLB  m.  CHANOB  GEARS  AMD  DATA  FOB  LATINO  OUT  CAMS. 
No.  &  BROWN  *  SHARPB  AUTOMATIC  SOBBW  MAOHINB 
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to  add  one  hundredth  for  revolving  the  turret  so  that  it  will  be  securely 
locked  in  position  before  the  tools  advance  on  the  work;  then  in  this 
case  it  will  require  11  hundredths  to  revolve  the  turret.  Owing  to 
the  diameter  of  the  cam  roll  there  should  never  be  less  than  three 
hundredths  allowed  for  revolving  the  turret  irrespective ,  of  the  speed 
at  which  the  cam  shaft  is  running. 

Tables  I  to  III  give  the  change  gears  and  data  for  laying  out  cams 
for  the  Nos.  00,  0  and  2  automatic  screw  machines.    When  the  speed  at 
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which  the  spindle  is  to  be  run  for  any  certain  job,  and  the  number  of 
revolutions  required  to  complete  one  piece,  are  known,  the  gears, 
product  in  ten  hours  and  the  time  in  seconds  to  make  one  piece  as  well 
as  the  number  of  hundredths  of  the  cam  surface  required  to  feed  the  stock 
and  revolve  the  turret,  are  found  in  the  left-hand  columns  of  the  table, 
the  total  revolutions  required   to  make  one  piece  being  given   in  the. 
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right-hand  columns.  Tables  IV  to  VI  give  the  change  gears  and  data 
for  laying  out  cams  for  the  Nos.  00,  0  and  2  turret  forming  and  cutting- 
off  machines.  The  same  remarks  apply  to  these  as  to  the  preceding 
tables. 

The  principal  dimensions  for  the  plate  cams  and  the  radii  of  the 
cross-slide  and  lead  levers  on  the  Xos.  00,  0  and  2  automatic  screw 
machines,  are  given  in  Table  VII.  For  notation  see  the  illustration 
accompanying  the  table. 
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TABLE  VI.  CHANGE  GEARS  AND  DATA  FOB  LATINO  OUT  OAKS. 
No.  3  TURRET  FORMING  AND  CUTTING-OFF  MACHINE 
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Constructing:  the  Rise  on  Cams 
The  rise  on  the  pam  should  be  such  that  the  tools  will  gradually 
slow  up  as  they  approach  the  work.  It  is  not  necessary  to  lay  out  a 
uniform  curve  for  the  rise,  as  in  most  cases  the  cam  rotates  slowly, 
but  when  the  cam  is  required  to  make  one  revolution  in  less  than  5 
seconds  on  the  No.  0  or  No.  2  screw  machine,  a  curve  for  a  more  uni- 
form speed  should  be  constructed. 
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No.  of 
Machine 


Principal 
Dimensions 


A 
B 
C 
D 
E 
F 
U 
H 
I 
J 


00 


Lead       Cross-slide  Lead      |  Cross-slide  |      Lead        Cross-slide 

Dimensions  in  Inchej 
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1* 

ft 

1ft 

* 

8.0JS8 

II 


Generally  the  rise  can  be  abrupt  for  about  three-quarters  of  the  way. 
and  then  gradually  slow  down  as  the  tool  approaches  the  work.  A 
good  method  of  laying  out  a  curve  of  this  form  is  shown  in  Fig.  4. 
The  reason  for  making  a  curve  of  this  form  is  that  less  time  is 
necessary  for  one  tool  to  clear  another,  which  sometimes  makes  quite 
a  considerable  difference  in  the  time  required  to  produce  one  piece 


14 


No.  ioo-SCREtV  MACHINE  PRACTICE 


To  construct  the  rise,  proceed  as  follows:  Lay  off  on  line  H  a  distance 
D  from  the  point  a.  Distance  D  varies  with  the  clearance  necessary 
between  the  turret  and  cross-slide  tools.  Then  draw  line  BC  at  right 
angles  to  H.  With  a  as  a  center,  and  a  radius  R  describe  an  arc  inter- 
secting ttne  BC  at  point  b;  again  with  R  as  a  radius,  and  a  center  at 
6,  describe  the  rise.     Join  the  rise  and  the  small  diameter  dwell  of 

TABLB  vni.    DIMHNBIONS  FOB  LAYING  OUT  CAM  BIBB  FOB  No.  OO 
BROWN  *  BBABPB  AUTOMATIC  SGRBW  MAOB2NB 


Number  of  Seconds  to  make  one  Piece 

Lead 

Front  and 
Back  Cams 

D 

R         N 

From   8  to    5  seconds 

T 

II 

From  6  to  12  seconds 

From  18  to  80  seconds 

the  cam  with  a  circle  having  a  diameter  equal  to  the  diameter  of  the 
roll.  The  distance  r  should  then  be  measured  off  and  recorded  on  the 
drawing  to  be  used  by  the  toolmaker  when  laying  out  the  cams.  The 
various  values  for  the  dimensions  given  in  Fig.  4  for  the  rise,  that 
have  been  found  suitable,  are  specified  in  Tables  VIII,  IX  and  X. 

Constructing'  Drop  on  Cams 

The  drop  on  the  cams  should  be  such  that  the  cross-slides  will  drop 
back  without  shock.    The  turret  slide  drops  back  on  a  cushion  spring. 


TABLB  IX.    DIMENSIONS  FOB  LAYING  OUT  CAM  BIBB  FOB  No.  O 
BROWN  *  BBABPB  AUTOMATIC  BOBBW  MACHINE 


Number  of  Seconds  to  make 
one  Piece 

Lead 

Front  and  Back 
Cams 

r> 

R 

n 

ft 

From  5  to  12 'seconds 

From  18  to  80  seconds 

From  82  to  60  seoonds. . . . 

i! 

I 

I' 

8 

thus  allowing  the  drop  on  the  lead  cam  to  be  more  abrupt  on  the  No.  0 
and  ,No.  2  screw  machines,  than  it  is  on  the  front  and  rear  cams. 
This  is  also  true  of  the  No.  00  machine,  but  as  the  drop  is  not  great, 
very  little  time  would  be  saved  by  using  a  smaller  angle  of  drop  for 
the  lead  than  for  the  cross-slide  cams.  Referring  to  Fig.  4,  it  can  be 
seen  that  the  lever  arm  swings  about  a  pivot,  so  that,  to  have  a 
uniform  drop,  a  special  curve  should  be  constructed.  But,  as  this 
drop  would  be  more  difficult  to  make  than  a  straight  drop,  a  straight 
or  angular  drop  is  adopted.  This  gives  the  drop  of  the  arm  a  variable 
motion,  as  can  be  seen  by  referring  to  Fig.  4;  the  roll  will  drop  quickly 
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to  about  the  point  e,  then  slow  up  and  then  increase  in  speed  as  it 
approaches  the  bottom.  The  cross-slides  are  forced  back  by  a  spring 
which  serves  to  keep  the  roll  in  contact  with  the  cam.    The  drop  on 

TABLB  X.    DIMENSIONS  FOR  LAYING  OUT  CAM  BIBB  FOB  No.  2 
BROWN  *  8HARPB  AUTOMATIC  BOBBW  MAOHINB 


Number  of  Seconds  to  make 
one  Piece 

Lead 

Front  and  Back 
Cams 

D 

R 

D 

R 

From     6  to   14  seconds. . 
From   15  to  40  seconds. . 
From  45  to   90  seconds. . 
From  100  to  180  seconds. 

H 

H 
1* 

2f 
8* 

1 

1 

the  cam  should  not  be  laid  off  from  a  circle  as  shown  by  the  dotted 
lines  at  c.  This  would  mean  that  the  roll  would  drop  slower  when 
dropping  a  short  distance  than  when  dropping  a  greater  distance.  The 
drop  should  be  laid  off  from  the  hundredth  line  where  the  operation 


COTTER  OF  LEVER 


Machi**rw,N.T. 


Flff .  4.    Method  of  lAjrtay  out-Biee  end  Fall  tmOam* 

finishes  as  shown  by  the  angle  A.  This  assures  the  drop  always  being 
of  the  same  speed,  Irrespective  of  the  distance  through  which  it  has  to 
drop.  The  following  angles  of  drop  have  been  found  suitable  for  the 
given  number  of  seconds  required  to  make  one  piece. 

Digitized  by  VjOOQIC 


16  No.  ioo-SCREIV  MACHINE  PRACTICE 

DROP  ON  CAMS  FOR  No.  OO  BROWN  *  SHARPS  AUTOMATIC 
BORBW  MACHINE 

Number  of  Seconds  to  make 

One  Piece  Lead.  Front  and  Back 

From    3  to    5  seconds  A  =  20  degrees 

From     6  to  12  seconds  A  =  15  degrees 

From  13  to  30  seconds  A  =  10  degrees 

DROP  ON  CAMS  FOR  No.  O  BROWN  *  SHARPS  AUTOMATIC 
SCREW  MACHINE 

Number  of  Seconds  to  make 

One  Piece                                            Lead  Front  and  Back 

From    5  to  12  seconds  A  =  17  degrees  16  degrees 

From  13  to  30  seconds  A  =  14  degrees  13  degrees 

From  32  to  60  seconds  A  =  10  degrees  9  degrees 

DROP  ON  CAMS  FOR  No.  2  BROWN  *  SHARPS  AUTOMATIC 
8CRBW  MACHINE 

Number  of  Seconds  to  make 

One  Piece                                          Lead  Front  and  Back 

From     6  to  14  seconds  A  =  16  degrees  22  degrees 

From  15  to  40  seconds  A  =  14  degrees  19  degrees 

From  45  to  90  seconds  A  =  12  degrees  16  degrees 

From  90  to  180  seconds  A  =  10  degrees  13  degrees 

Clearance  for  Tools 

In  laying  out  a  set  of  cams  it  is  sometimes  found  necessary  to  make 
allowance  for  one  tool  to  clear  another,  the  amount  of  clearance  neces- 
sary being  determined  by  the  diameter  or  width  of  tool  used  in  the  tur- 
ret and  the  position  of  the  cross-slide  tools  relative  to.  the  work.  When 
determining  the  amount  of  clearance  necessary,  the  rise  and  drop  on  the 
lead  cam  is  disregarded  and  the  rises  and  drops  on  the  front  and  rear 
cams  are  taken  into  consideration.  To  determine  the  rise  and  drop  to 
use,  make  a  rough  lay-out  of  the  various  operations  to  be  performed  and 
also  settle  upon  the  approximate  number  of  revolutions  to  complete 
one  piece.  The  revolutions  are  then  converted  into  seconds  as  was 
previously  explained.  To  explain  clearly  the  method  used,  we  will  take 
a  practical  example.  Assume  that  it  is  required  to  make  a  brass  screw 
as  shown  in  Fig.  5.  This  screw  is  made  from  ^4-inch  round  brass 
rod,  and  can  be  made  to  advantage  on  the  No.  00  Brown  &  Sharpe  au- 
tomatic screw  machine,  using  a  spindle  speed  of  2400  R.  P.  M.  backward 
and  forward.  Assume  that  it  is  required  to  find  the  amount  of  clear- 
ance necessary  for  the  die  holder  to  pass  the  circular  form  and  cut-off 
tools.  Draw  in  the  form  topi  in  position  on  the  screw  as  shown  to 
the  left  in  Fig.  5,  and  also  an  outline  of  the  toolpost.  Then  lay  out 
the  die  holder  in  position  to  start  on  the  screw,  as  shown  by  the  dotted 
lines.  If  a  releasing  die  holder  is  used,  take  the  diameter  over  the 
heads  of  the  screws  in  the  holder,  but  if  a  "draw-out"  type  is  used,  the 
diameter  of  the  cap  is  taken.  In  this  case,  as  the  screw  is  threaded 
up  to  the  shoulder,  a  releasing  die  holder  will  be  used.  In  Fig.  5  it 
can  be  seen  that  the  die  holder  cannot  advance  on  the  screw  until  the 
form  tool  drops  back  a  distance  B,  but  as  B  is  the  actual  distance, 
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it  will  be  necessary  to  add  an  extra  amount  to  insure  that  the  die 
holder  can  advance  without  coming  in  contact  with  the  circular  form 
tool.  The  extra  amount  of  clearance  necessary  varies  with  the  type 
of  tool  used.  The  following  dimensions  give  the  approximate  amounts 
that  should  be  added  to  tne  actual  clearance  for  the  type  of  tools 
specified : 

Extra  Amount  of 
Typo  of  Tool  Cleimnco 

Drill  holders .* from  1/8    to  3/16  inch 

Box-too  Is  (with  V-supports) from  1/8    to  1/4    inch 

Box-tools   (with  supporting  bushing) from  3/16  to  5/16  inch 

Button  die  holders  (draw-out  type) from  3/16  to  5/16  inch 

Button  die  holders  (releasing  type) from  1/4    to  1/2    inch 

To  find  the  amount  necessary  for  clearance,  make  a  diagram  as 
shown  in  Fig.  6,  laying  out  the  drop  on  the  front  cam  as  shown.  Then 
add,  say,  %  inch,  to  dimension  B  and  measure  down  from  the  point 
where  the  4obe  finishes,  scribing  an  arc  of  a  circle  through  the  point 
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thus  located,  as  shown.  Then  with  a  radius  equal  to  the  radius  of  the 
cam  roll,  describe  a  circle  touching  the  arc  drawn  and  the  drop  on 
the  cam.  Join  the  center  of  the  roll  with  the  center  of  the  cam  circle 
by  a  straight  line.  The  clearance  is  then  measured  off  in  hundredths 
as  shown  by  dimension  H.  The  starting  point  of  the  lobe  on  the  lead 
cam  for  threading  will  be  at  the  hundredth  line  D  and  the  intervening 
space  between  the  lines  D  and  E  will  be  the  amount  necessary  for 
clearance. 

When  the  cutting-off  operation  follows  the  threading  operation  it 
will  also  be  necessary  to  allow  for  clearance.  To  find  the  amount  of 
clearance  necessary  for  the  die  holder  to  clear  the  circular  cut-off  tool, 
proceed  as  follows:  Make  a  lay-out  as  shown  to  the  right  in  Fig.  5 
and  measure  off  the  distance  C.  Add  %  inch  to  this  and  lay  off  this 
dimension  from  the  starting  point  A  of  the  rear  cam  as  shown  in  Fig. 
6,  drawing  an  arc  of  a  circle  as  before.  Then  draw  a  circle  the  diameter 
of  which  is  equal  to  the  diameter  of  the  roll,  touching  the  arc  drawn 
and  the  rise  on  the  cam,  and  measure  off  the  clearance  H  as  was 
previously  explained.    The  thread  lobe  would  finish  at  the  hundredth 
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line  F  and  the  cut-off  tool  start  at  the  line  A.  Clearance  should  also  he 
allowed  between  the  dropping  back  of  the  cut-off  tool  and  the  feeding 
of  the  stock.  To  find  the  amount  of  clearance  necessary  add  %  inch 
to  the  largest  radius  of  the  stock  used  and  proceed  as  previously  ex- 
plained. 

To  make  this  explanation  more  complete,  the  various  steps  followed 
when  designing  a  set  of  cams  will  be  given. 

Designing  and  Laying  out  Cams 
When  designing  a  set  of  cams  the  speed  of  the  spindle  best  suited  for 
the  size  of  stock  and  nature  of  material  should  first  be  decided  upon. 
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Tig.  O.    Method  of  Determining  Clearance  on  Pro—  elide  Cams 

The  tables  for  surface  speeds  given  in  Machinery's  Reference  Book 
No.  99,  "Automatic  Screw  Machine  Practice — Operation  of  the  Brown 
&  Sharpe  Automatic  Screw  Machine/'  will  be  found  convenient  for  this 
purpose.  The  quickest  and  best  method  of  making  ..the  piece  should 
next  be  considered,  and  a  diagram  made  of  the  tools  to  be  used  in  the 
turret  as  shown  at  A,  Pig.  7,  leaving  from  1/8  to  3/16  inch  clearance 
between  the  rear  face  of  the  tool-holder  and  the  face  of  the  turret. 
This  amount,  of  course,  varies  to  a  considerable  extent,  depending 
on  the  length  of  the  shank  and  body  of  the  tool,  and  also  on  the  dis- 
tance that  the  work  projects  from  the  chuck.  When  the  shank  of  the 
tool  is  short,  care  should  be  taken  to  see  that  the  clamping  devices 
in  the  turret  have  a  good  grip  on  the  shank  of  the  tool.    The  diagram 
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of  the  circular  tools  applied  to  the  work  should  also  be  made  as  shown 
at  B,  Fig.  7.  The  feeds  for  the  various  operations  are  then  decided  upon 
and  divided  into  the  length  of  cut  which  will  give  the  number  of  revo- 
lutions required  for  the  various  operations.  The  total  number  of 
revolutions  to  complete  one  piece  is  found  by  adding  together  the  num- 
ber of  revolutions  for  each  cut,  for  revolving  the  turret,  feeding  the 
stock  and,  in  some  cases,  reversing  the  spindle;  an  approximate  num- 
ber of  revolutions  should  also  be  added  for  clearance.  When  the  ap- 
proximate number  of  seconds  to  complete  one  piece  has  been  obtained 
we  make  a  diagram  of  the  rise  and  drop  on  the  cam  as  shown  in 
Fig.  6.  To  ascertain  the  exact  number  of  revolutions  required  for 
clearance,  if  the  approximate  number  of  revolutions  as  allowed  for 
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Flff.  7.    Position  of  Tools  In  Turret,  and  Forming  Tools  applied  to  "Work 

clearance  is  not  sufficient,  the  feed  on  some  of  the  tools  is  increased, 
but  if  the  maximum  feed  that  the  tools  will  stand  has  been  used,  the 
number  of  seconds  to  make  one  piece  has  to  be  increased.  When  the 
actual  number  of  seconds  has  been  obtained,  we  then  convert  the 
revolutions  for  each  operation  into  hundredths  of  cam  circumference, 
and  proportion  the  different  lobes  on  the  cam  to  the  number  of  revolu- 
tions for  each  operation.  To  explain  the  method  adopted  in  laying  out 
the  cams,  we  will  take  a  practical  example. 

Assume  that  it  is  required  to  make  a  screw  as  shown  at  B,  Fig.  7. 
We  first  make  the  diagrams  of  the  circular  tools  and  the  tools  used 
in  the  turret  as  shown.  Then  to  find  the  amount  that  the  lead  cam  is 
to  be  cut  down  below  the  outer  cam  circle,  measure  the  distance  that 
the  tools  project  out  of  the  turret  and  add  this  amount  to  the  distance 
that  the  piece  projects  from  the  face  of  the  chuck.  Then  the  least  dis- 
tance between  the  turret  and  the  face  of  the  chuck  subtracted  from  this 
amount  would  give  the  distance  down  from  the  outer  circle  to  where 
the  lobe  on  the  cam  starts.  For  example,  take,  the  lobe  for  the  hollow 
mill. 


Digitized  by 


Google 


20 


AV  IOo— SCREW  MACHINE  PRACTICE 


1  9/16  +  7/8  =  2  7/16  inch. 

2  7/16  inch  —  1  3/4  inch  =  11/16  inch. 

In  Fig.  8  is  given  a  method  of  laying  out  the  cams  for  the  screw 
shown  in  Fig.  7.  This  method  is  commendable,  as  it  can  be  Been 
whether  the  tools  will  clear  one  another  better  than  if  the  cams  were 
drawn  separately  instead  of  one  on  top  of  the  other.  If  the  foregoing 
suggestions  are  followed,  very  little  trouble  will  be  encountered  in  de- 
signing a  set  of  cams.  The  example  as  given  is  for  making  screws,  but 
the  same  method  can  be  followed  In  making  any  other  class  of  work. 
After  the  cams  have  been  designed,  a  tracing  should  be  made  and  kept 


Fig*.  8.    Commendable  Method  of  Laying  out  dams 

for  reference.     (See  Fig.  40,  Part  I  of  this  treatise,  Machinery's  Ref- 
erence Book  No.  99.) 

Practical  Points  in  Designing  Cams  and  Special  Tools 

1.  Use  the  highest  spindle  speeds  that  the  various  tools  will  stand. 

2.  Use  the  arrangement  of  circular  tools  best  suited  for  the  class  of 
work.    (See  Reference  Book  No.  101.) 

3.  Decide  on  the  quickest  and  best  method  of  arranging  the  opera- 
tions before  designing  the  cams. 

4.  Do  not  use  turret  tools  for  forming  when  the  cross-slide  tools  can 
be  used  to  better  advantage. 

5.  Do  not  use  a  circular  cut-off  tool  without  top  rake  when  cutting 
Norway  iron,  machine  steel,  etc. 
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6.  Make  the  shoulder  on  the  circular  cut-off  tool  large  enough  so 
that  the  clamping  screw  will  grip  firmly. 

7.  When  chips  clinging  to  the  work  are  objectionable,  the  circular 
form  tool  should  be  turned  up-side-down  and  placed  on  the  rear  cross- 
slide. 

8.  Do  not  use  too  narrow  a  cut-off  blade. 

9.  Allow  0.005  to  0.010  inch  for  the  circular  tools  to  approach  the 
work  and  0.003  to  0.005  inch  for  the  cut-off  tool  to  pass  the  center. 

10.  When  cutting  off  work  large  in  diameter,  the  feed  on  the  cut-off 
tool  should  be  increased  until  near  the  end  of  the  cut  where  the  piece 
breaks  off.  After  it  breaks  off,  the  feed  should  again  be  increased  until 
the  tool  nas  passed  the  center. 

11.  When  a  thread  is  cut  up  to  a  shoulder,  the  piece  should  be 
grooved  or  necked  to  make  allowance  for  the  lead  on  the  die.  This  re- 
quires an  extra  projection  on  the  form  tool  and  also  an  extra  amount 
of  rise  on  the  cam. 

12.  Use  circular  form  and  cut-off  tools  made  from  high-speed  steel 
when  cutting  Norway  iron,  machine  steel,  etc. 

13.  Use  a  fine  'feed  and  high  spindle  speed  for  all  cutting  tools. 

14.  Allow  sufficient  clearance  for  tools  to  pass  one  another. 

15.  Always  make  a  diagram  of  the  cross-slide  tools  in  position  on 
the  work  when  difficult  operations  are  to  be  performed;  it  is  also  neces- 
sary to  make  a  diagram  of  the  tools  held  in  the  turret. 

16.  Do  not  drill  a  hole  the  depth  of  which  is  more  than  2%  times 
the  diameter  of  the  drill,  but  use  two  or  more  drills  as  required.  If 
there  are  not  sufficient  holes  in  the  turret,  drop  the  drill  back  clear  of 
the  hole,  and  advance  it  into  the  hole  again. 

17.  Do  not  run  a  drill  at  a  slow  speed. 

18.  When  the  turret  tools  operate  further  in  than  the  face  of  the 
chuck,  see  that  tney  will  clear  the  chute  when  revolving  the  turret. 

19.  See  that  the  body  of  all  turret  tools  will  clear  the  side  of  the 
chute  when  revolving  the  turret 

20.  Do  not  use  a  box-tool  for  a  roughing  cut.    Use  a  hollow  mill. 

21.  Do  not  use  a  box-tool  with  soft  supports.  Use  solid  supports 
only  on  cold-drawn  or  finished  stock. 

22.  The  rise  on  the  thread  lobe  should  be  reduced  so  that  the  spin- 
dle will  reverse  when  the  die  or  tap  holder  is  drawn  out. 

23.  When  threading  Norway  iron,  machine  steel,  etc.,  if  the  spin- 
dle speed  used  for  the  other  tools  is  too  high  for  threading,  use  a  spe- 
cial threading  attachment.    (See  Machinery's  Reference  Book  No.  104.) 

24.  When  bringing  another  tool  into  position  after  a  threading  op- 
eration, allow  clearance  before  revolving  the  turret. 

25.  Make  provision  to  revolve  the  turret  rapidly,  especially  when 
pieces  are  being  made  in  from  three  to  five  seconds  and  when  only  a 
few  tools  are  used  in  the  turret.  It  is  sometimes  convenient  to  use 
two  sets  of  tools. 

26.  When  using  a  belt-shifting  attachment  for  threading,  clearance 
should  be  allowed,  as  it  requires  extra  time  to  shift  the  belt. 


Digitized  by  CjOOQIC 


22  No.  ioo—SCRElV  MACHINE  PRACTICE 

27.  When  laying  out  a  set  of  cams  for  operating  on  a  piece  which 
requires  to  be  slotted,  cross-drilled  or  burred,  allowance  should  be  made 
on  the  lead  cam  so  that  the  transferring  arm  can  descend  and  ascend 
to  and  from  the  work  without  coming  in  contact  with  any  of  the  turret 
tools. 

28.  Always  allow  a  vacant  hole  in  the  turret  when  it  is  necessary  to 
use  the  transferring  arm. 

29.  Use  standard  tools  whenever  possible. 

30.  When  designing  special  tools  allow  as  much  clearance  as  pos- 
sible. Do  not  make  them  so  that  they  will  just  clear,  as  errors  some- 
times turn  up,  causing  trouble. 

31.  When  designing  special  tools  having  intricate  movements,  avoid 
springs  as  much  as  possible,  and  use  positive  actions. 


CHAPTER  II 


CAMS  FOR  SOREW-SLOTTING  ATTACHMENTS 

The  Brown  A  Sharpe  Mfg.  Co.,  Providence,  R.  I.,  has  designed  a  num- 
ber of  standard  and  special  attachments  for  its  automatic  screw  ma- 
chines. These  attachments  are  used  for  performing  various  second 
operations  on  a  piece  of  work,  such  as  slotting,  milling,  cross-drilling 
and  burring,  at  the  same  time  that  another  piece  is  being  operated  on 
by  the  cross-slicle  and  turret  tools.  Thus  extra  operations  are  performed 
without  taking  additional  time. 

While  the  attachments — as  such — are  widely  known,  the  methods  of 
laying  out  the  cams  for  operating  them  are  no  doubt  unfamiliar  to  a 
large  number  of  operators  and  mechanics  in  general,  and,  therefore,  a 
description  of  the  methods  of  laying  out  the  cams  for  one  of  these 
attachments  should  be  of  general  interest.  The  best  known  attachment 
designed  by  the  Brown  &  Sharpe  Mfg.  Co.  is  its  screw-slotting  attach- 
ment, which  is  shown  in  Fig.  9. 

Screw- slotting-  Attachment  for  the  No.  00  Machine 

The  screw-slotting  attachment  is  fastened  to  a  boss,  provided  for  this 
purpose  on  the  machine,  by  two  cap-screws.  An  apron,  which  is  also 
an  additional  part,  carries  the  arbor  C  to  which  the  transferring  arm  F 
is  attached.  The  transferring  and  advancing  cam  levers  D  and  E  are 
also  fastened  to  bosses  on  this  apron  by  cap-screws.  These  levers  are 
operated  by  the  advancing  and  transferring  cams  J  and  K.  A  block  H 
is  fastened  to  the  arm  F,  and  a  slotting  bushing  or  carrier  for  the 
screw  is  driven  into  it  This  bushing  grips  the  screw  and  holds  it 
while  the  slotting  saw,  held  on  an  arbor  and  driven  by  a  pulley  through 
bevel  gears,  mills  the  slot  in  the  head. 

The  design  and  action  of  the  device  is,  in  detail,  as  follows:  The 
transferring  lever  D  is  kept  in  contact  with  the  cam  by  means  of  two 
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springs  L  and  if.  The  advancing  lever  E  is  kept  in  contact  with  the 
advancing  cam  by  the  spring  N,  located  on  the  transferrlng-arm  rod  C. 
This  open-wound  spring  presses  against  the  boss  0  on  the  attachment 
and  the  washer  P,  this  latter  being  held  up  against  a  ball  retainer  Q 
which,  in  turn,  is  forced  against  a  washer  held  to  the  arbor  C  by  a 
cone-pointed  screw.  The  lever  E  does  not  bear  directly  against  the 
thrust-washer  R  to  advance  the  arm,  but  holds  a  set-screw  S  which  can 
be  adjusted  in  and  out  and  locked  with  a  headless  screw.  This  screw 
8f  in  conjunction  with  the  screw  &„  is  used  for  varying  the  depth  of 
the  slot  in  the  head  of  the  screw. 
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Fig.  lO.    Turret  and  Oroea  slide  Oama  for  Making  a  Btaal  Borew 

The  transferring  lever  D  is  connected  to  a  block  £„  which  is  fastened 
to  the  rod  C  by  a  screw  C„  This  block  connects  arm  F  with  lever  D. 
The  arms  of  lever  D  and  the  arm  F  are  so  proportioned  that  a  small 
rise  of  about  1%  inch  on  the  cam  In  this  case  is  sufficient  to  carry  the 
slotting  bushing  from  the  chuck  up  to  the  saw  through  tne  path  indi- 
cated In  the  engraving.  When  arm  F  drops  down  into  a  position  in 
front  of  the  chuck,  it  is  stopped  at  the  desired  point  by  a  set-screw  El9 
which  rests  on  a  block  Ft,  attached  to  the  machine.  When  the  arm 
moves  up  into  a  position  in  front  of  the  saw,  it  is  stopped  by  a  set- 
screw  Glt  which  bears  against  a  block  Hlt  fastened  to  the  attachment 
The  set-screws  G,  and  Ex  are  used  for  setting  the  slotting  bushing  accu- 
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rately.  The  slotting  bushing  is  shown  at  J,  in  position  in  block  H.  The 
Bhank  of  this  bushing  is  tapered  one-half  inch  to  the  foot  and  is  driven 
into  the  block.  Block  H  is  held  to  the  arm  by  a  cap-screw  Jt.  When 
the  slot  in  the  screw  has  been  cut  and  arm  F  drops  back,  the  screw  is 
removed  from  the  bushing,  which  has  a  slot  cut  in  it,  by  the  ejector  Ku 
which  is  simply  a  piece  of  sheet  steel  fastened  to  the  attachment. 

Laying  out  a  Set  of  Cams  for  a  Screw- slotting  Operation 

Undoubtedly  the  method  of  setting  and  operating  this  screw-slotting 
attachment  can  best  be  described  by  taking  a  practical  example.  Sup- 
pose it  is  necessary  to  make  the  shouldered  steel  screw  shown  at  A  in 
Fig.  10  on  a  No.  00  Brown  &  Sharpe  automatic  screw  machine.    To  pro- 
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ceed :  First  design  the  cross-slide  and  turret  cams,  making  allowance  for 
one  empty  hole  in  the  turret,  thus  enabling  the  transferring  arm  to  drop 
down  and  pick  up  the  screw  while  it  is  being  cut  off.  It  will  not  be 
necessary  to  describe  the  method  of  laying  out  the  turret  and  cross- 
slide  cams,  as  this  has  been  described  in  the  previous  chapter,  so  we 
will  confine  our  attention  to  the  calculations  necessary  in  laying  out 
the  transferring  and  advancing  cams  for  removing  and  slotting  the 
screw. 

Before  proceeding  with  the  laying  out  of  these  cams,  it  is  necessary 
to  make  a  diagram  such  as  is  shown  in  Fig.  11.  Here  a  diagrammatical 
view  of  the  necessary  movement  of  the  transferring  and  advancing 
levers  is  shown.  To  the  right  of  the  illustration  is  a  diagram  of  the 
movement  of  the  transferring  arm  and  lever.  For  the  slotting  attach- 
ment, the  transferring  arm  does  not  have  to  dwell  at  any  intermediate 
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point  between  the  chuck  and  the  slotting  saw,  so  that  no  calculation 
is  necessary  to  find  the  rise  on  the  cam — the  full  rise  or  1^  inch  being 
sufficient  to  lift  the  slotting  bushing  from  the  chuck  to  the  slotting  saw. 
To  the  left  of  the  illustration  is  a  diagram  in  which  is  indicated,  the 
least  and  greatest  possible  distances  between  the  face  of  the  turret  and 
the  chuck,  and  also  the  position  of  the  screw-slotting  arbor  relative  to 
the  chuck.  Below  this,  the  transferring  arm  is  shown  in  position  on 
the  screw.  Here  it  can  be  seen  that  the  lobes  for  placing  the  bushing 
on  the  work  and  advancing  it  to  the  saw  will  be  of  the  same  height, 
as  the  distance  3/32  inch  is  considerably  less  than  the  adjustment  pro- 
vided for  the  screw-slotting  attachment;  this  adjustment  is  equal  to 
5/16  inch  on  each  side  of  the  center  line. 

When  the  rises  or  the  heights  of  the  various  lobes  on  the  cams  have 
been  determined,  the  next  problem  is  to  determine  their  relative  posi- 
tions, or,  in  other  words,  the  starting  and  finishing  points  of  the  lobes 
on  the  transferring  and  advancing  cams,  respectively. 

.Laying  out  the  Transferring  and  Advancing  Cams 

The  location  hole  B  in  the  cam  shown  in  Fig.  10  is  not  used  In  the 
transferring  and  advancing  cams,  so  that  these  cams,  when  made,  can 
be  shifted  around  to  tHe  desired  position.  However,  it  is  best  to  start 
from  some  predetermined  point  when  laying  out  the  cams.  The  least 
confusion  will  result  if  the  point  at  which  the  piece  breaks  off  is  used 
for  the  point  at  which  the  bushing  is  located  on  the  work.  This  point, 
of  course,  cannot  be  determined  exactly,  but  it  is  easy  to  locate  it 
approximately. 

The  method  of  determining  this  is  as  follows:  Taking  the  screw 
shown  at  A,  in  Fig.  10,  as  an  example,  we  will  assume  that  it  will  break 
off  when  the  teat  is  0.010  inch  In  diameter.  (This  screw  is  made  in 
9  seconds  and  requires  360  revolutions  of  the  work  spindle,  which  in 
this  case  is  rotated  at  2400  R.  P.  M.)  Then  assuming  that  the  length 
of  the  bevel  on  the  cut-off  tool,  or  distance  C,  Fig.  3,  equals  0.010 
inch,  and  that  the  amount  to  pass  the  center  of  the  work  equals  0.005 
inch,  we  find  that  the  distance  the  point  of  the  cut-off  tool  will  have  to 
travel  after  the  piece  breaks  off  equals  0.010  +  0.005  +  0.005  =  0.020 
inch.  To  find  the  hundredth  line  on  the  cam  circle  where  the  screw 
is  supposed  to  break  off,  divide  the  travel  (in  inches)  of  the  cut-off  tool, 
still  to  be  completed  after  the  piece  is  cut-off,  by  the  feed  of  the  cut-off 
tool  per  revolution  of  the  work.    (See  cut-off  cam,  Fig.  10.)    Thus, 

0.020 

=  12.05  revolutions. 

0.00166 

In  other  words,  it  requires  12  revolutions  of  the  spindle  after  the 
piece  ds  cut  off  before  the  cut-off  tool  reaches  the  end  of  its  travel.    The 
hundredths  of  cam  surface  equivalent  to  12  revolutions  of  the  spindle 
12  x  100 

are =  3%  hundredths,  approximately.    Therefore  we  assume 

360 
that  the  screw  will  break  off  when  the  center  of  the  cross-slide  roll  is 
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at  94%  hundredths.  As  this  is  where  the  screw  will  break  off,  it  is 
necessary  to  have  the  bushing  on  the  work  a  moment  previous  to  this. 
In  this  case  we  will  allow  1/2  hundredth,  4>ut  it  is  usually  best  to  allow 
one  hundredth  of  the  cam  surface  to  give  the  arm  time  to  steady  itself 
after  forcing  the  bushing  onto  the  work. 

Having  determined  the  point  where  the  slotting  buBhing  should  be 
located  on  the  work  we  can  proceed  to  lay  out  the  transferring  and 
advancing  cams.  The  method  of  laying  6ut  these  cams  is  shown  in 
Fig.  12.  As  previously  determined,  the  advancing  cam  is  not  cut  down 
below  the  outer  circumference  except  for  the  rise  for  feeding  the  screw 
to  the  saw  and  dropping  back,  so  a  circle  is  drawn  with  a  2 \i -inch 
radius  as  shown,  which  represents  the  largest  diameter  of  the  cams. 
A  circle  A,  representing  the  path  of  the  center  of  the  transferring  lever, 
is  next  drawn.  Then  a  vertical  line  B,  representing  the  path  of  the 
center  of  the  advancing  cam,  is  drawn.  When  this  line  and  circle  have 
been  drawn,  we  have  the  relative  positions  of  the  transferring  and 
advancing  rolls.  The  transferring  roll  is  %  inch  in  diameter,  while 
the  advancing  roll  is  %  inch,  on  the  No.  00  machine  only. 

To  find  the  starting  and  finishing  points  on  the  cams,  proceed  aB  fol- 
lows: Draw  a  circle  C  representing  the  advancing  roll  on  the  hun- 
dredth line  marked  94;  then  draw  a  quick-Tise  on  the  cam  with  a 
1%-inch  radius.  As  the  screw  will  be  severed  from  the  bar  at  97% 
hundredths,  this  is  the  finishing  point  of  the  lobe  for  placing  the 
screw  in  the  slotting  bushing.  Next  construct  the  quick-drop  on  the 
cam  and  draw  another  circle  D,  1/16  inch  below  the  largest  diameter 
of  the  cam,  so  that  the  arm  will  drop  back  from  the  chuck  before  it 
begins  to  rise. 

Now,  to  determine  the  position  of  the  transferring  roll,  draw  two  cir- 
cles E  and  F  of  such  diameters  that  the  distance  G  equals  the  relative 
distance  between  the  center  of  the  transferring  arm  lever  and  the 
path  of  the  center  of  the  advancing  lever;  these  levers  swing  through 
arcs  in  planes  at  right  angles  to  each  other. 

To  obtain  the  center  of  the  transferring  lever,  relative  to  the  path  of 
the  advancing  lever,  draw  a  line  through  the  center  of  the  circle  D  and 
tangent  to  the  circle  F.  Then  draw  another  line  tangent  to  the  circle 
E  and  parallel  to  the  line  which  is  tangent  to  the  circle  F  and  passes 
through  the  center  of  the  circle  D.  The  point  where  the  last  drawn 
line  cuts  the  circle  A  will  be  the  center  of  the  transferring  lever.  With 
this  point  as  center  and  the  compasses  set  to  the  radius  of  the  trans- 
ferring lever,  strike  an  arc,  and  with  its  center  on  this  arc  draw  the 
transferring  roll  circle  Hf  touching  the  smallest  diameter  of  the  cam. 
The  quick-rise  on  the  transferring  cam  is  then  constructed,  and  the  fin- 
ishing point  of  this  rise  1b  made  with  a  %-inch  radius,  so  that  the  speed 
at  which  the  arm  is  traveling  will  be  decreased  as  it  approaches  the  top 
of  its  travel.  If  this  1b  not  done,  the  arm  will  hit  the  stop  and  re- 
bound, which  will  have  a  tendency  to  knock  the  screw  out  of  the 
slotting  bushing.  When  the  transferring  roll  is  on  the  highest  point  of 
the  cam,  the  advancing  roll  should  be  at  the  bottom.    A  clearance  of 
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1/100  is  allowed  between  the  point  when  the  transferring  roll  is  on  the 
top  of  the  cam,  and  the  point  when  the  advancing  roll  begins  to  advance 
the  screw  to  the  saw.  The  starting  and  finishing  points  of  the  lobes 
on  the  advancing  cam  for  advancing  the  screw  to  the  saw  are  con- 
structed in  a  manner  similar  to  that  just  described. 

Nothing  will  be  gained  by  dropping  the  arm  down  to  pick  up  another 
screw  before  the  teat  has  been  reduced  sufficiently  so  that  the  screw 
can  be  removed;  hence  as  much  of  the  cam  surface  as  possible  is  used 
for  slotting,  thus  preventing  forcing  the  feed  too  much.    To  find  the 
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Illustration  showing  Method  of  laying-  oat  Tranafarrlng- 
and  Advancing  Cams 


finishing  point,  we  work  backward,  as  it  were,  and  locate  the  trans- 
ferring roll  at  the  base  of  the  cam,  as  shown  at  I;  then  draw  the  quick- 
rise  at  an  angle  6,  which  should  be  from  15  to  20  degrees  for  the  No.  00 
automatic  screw  machine.  When  this  angle  is  drawn,  we  then  have  the 
finishing  point  on  the  transferring  cam.  The  finishing  point  of  the 
advancing  cam  is  found  by  laying  out  the  rolls  in  their  respective 
positions,  in  the  same  manner  as  before,  care  being  taken  to  retain  the 
correct  relations  between  the  center  of  the  transferring  lever  and  the 
path  of  the  advancing  lever.  This  problem  may  seem  to  be  rather  com- 
plicated at  first,  but  after  some  practice  it  will  be  found  to  be  simple 
enough.     A  rise  of  0.125  inch  is  generally  allowed  on  the  advancing 


Digitized  by  CjOOQlC 


SCREW  MACHINE  CAMS 


29 


Google 


30 


No.  ioo-SCREIV  MACHINE  PRACTICE 


cam,  so  that  all  sizes  of  screws  within  the  range  of  the  machine  can  be 
slotted  with  this  same  set  of  cams. 

Screw- slotting1  Attachment  for  the  No.  O  and  No.  2  Machines 
The  principle  on  which  the  screw-slotting  attachment  for  the  No.  0 
and  No.  2  machines  works  does  not  vary  from  that  used  on  the  No.  00 


SLOTTING  SAW 


FACE  OF  SET-SCREW  /K^»'.' 


TRANSFERRMQ  ARM  SHAFT 


CENTER  OF  TRANSFERRING 
LEVER 


CENTER  OF 
ADVANCING  LEVER 


MaohtnerTt.y.Y. 


Fig.  14.    Diagram  used  In  laying*  out  Transferring-  and  Advancing  Cams 
for  the  No.  O  Brown  &  Sharpe  Automatic  Screw  Machine 

machine,  but  the  advancing  and  transferring  cams  are  located  differ- 
ently. On  the  No.  00  machine,  these  cams  are  held  side  by  side  on  the 
front  cam-shaft,  while  in  the  No.  0  and  No.  2  machines,  the  advancing 
cam  is  held  on  the  stud  which  holds  the  lead  cam,  while  the  transfer- 
ring cam  is  held  on  the  front  cam-shaft.    The  movement  of  the  levers, 
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of  course,  in  this  case  differs  from  that  on  the  No.  00  machine.  Refer- 
ring to  the  illustration  Fig.  13,  which  shows  the  attachment  used  on 
the  Xo.  0  machine,  A  is  the  advancing  cam  and  B  the  advancing  cam 
lever;  C  is  the  transferring  cam,  and  D  the  transferring  lever.  The 
method  of  carrying  the  screw  to  the  saw  is  similar  to  that  on  the  No.  00 
machine,  as  are  also  the  other  movements,  so  that  this  will  not  need 
further  description.  It  is,  however,  necessary  to  describe  the  method 
of  laying  out  the  transferring  and  advancing  cams. 

The  method  of  laying,  out  the  transferring  and  advancing  cams  is 
illustrated  d i agram mat! call y  in  Fig.  14  where  the  advancing  and  trans- 
ferring levers,  as  well  as  the  cams,  are  shown  in  the  same  plane.  The 
method  of  finding  the  starting  and  finishing  points  of  the  lobes  on  the 
transferring  and  advancing  cams  is  the  same  as  that  used  for  the 
ordinary  cross-slide  and  lead  cams.  The  only  point  to  remember  is  to 
retain  the  proper  distances  between  the  centers  of  the  levers,  and  to 
Bwing  them  into  their  proper  positions.  A  templet  could  be  made  for 
these  cams,  which  would  simplify  the  problem  of  laying  out  the  starting 
and  finishing  points.  When  a  templet  is  not  available,  the  method 
previously  described  for  the  No.  00  machine  can  be  used;  that  is,  keep* 
ing  the  center  distances  in  the  same  relation,  in  their  respective  paths, 
and  swinging  the  rolls  into  the  desired  position. 

The  screw-slotting  attachment  for  the  No.  2  Brown  ft  Sharpe  auto- 
matic screw  machine  does  not  differ  from  that  for  the  No.  0  machine. 
The  transferring  cams  in  both  these  machines  are  made  in  two  pieces, 
as  it  would  be  impossible  otherwise  to  assemble  them  on  the  front  cam- 
shaft. As  there  are  no  intermediate  points  at  which  the  transferring 
arm  is  to  dwell  between  the  chuck  and  slotting  saw,  there  are  no  calcu- 
lations necessary  for  determining  different  heights  on  the  transferring 
cam,  the  rise  from  the  lowest  to  the  highest  point  of  the  cam  being 
sufficient  to  lift  the  screw  from  the  chuck  to  the  slotting  saw. 

The  diagram  shown  in  Fig.  11  should  be  laid  out  so  that  all  the  dimen- 
sions required  for  laying  out  the  height  of  the  lobes  on  the  cams  can 
be  found.  It  is  always  advisable  to  allow  at  least  one-hundredth  of  the 
cam  surface  for  clearance,  between  the  starting  or  finishing  points  of 
the  lobes  on  the  transferring  or  advancing  cams.  This  allows  the  trans- 
ferring arm  to  stop  for  a  brief  interval  before  the  direction  of  its 
motion  is  changed. 
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There  are  several  methods  used  for  finishing  plate  cams.  Most  meth- 
ods require  that  the  outline  be  accurately  laid  out,  after  which  the  stock 
is  removed,  generally  by  drilling  a  series  of  holes  around  the  outline 
and  breaking  away  the  outer  part.  The  cam  is  then  finished  to  the 
scribed  lines  by  milling  and  filing.  This  method,  however,  is  slow,  and 
the  highest  accuracy  is  not  obtainable  in  this  way. 

Another  method  which  is  applicable  to  all  cams  with  a  constant  rise 
is  illustrated  and  described  in  the  following:  A  diagrammatical  view 
of  the  relative  positions  of  the  compound  vertical  milling  attachment 
and  the  index  head  used  in  this  method,  is  shown  in  Fig.  15.  By  this 
method  constant-rise  cams. may  be  milled,  so  to  speak,  automatically,  by 
placing  the  cam  blank  on  the  index  head  spindle,  and  gearing  the  head 
for  spiral  milling.  An  end-mill  is  held  in  the  compound  vertical  mill- 
ing attachment,  which  is  adjustable  to  any  angle  in  the  vertical  plane, 
as  indicated.  The  milling  attachment  and  the  spiral  head  are  set  at  a 
certain  angle  with  the  table  surface,  this  angle  being  determined  by  the 
rise  of  the  cam  and  the  forward  feed  of  the  milling  machine  table  for 
one  turn  of  the  index  head  spindle;  this  forward  feed  is  usually  called 
the  spiral  lead  for  which  the  machine  is  geared.  It  will  be  clear  even 
to  persons  unfamiliar  with  this  method,  that  when  the  table  is  feeding 
forward,  the  slowly  revolving  cam  blank  is  fed  against  the  cutting 
edge  of  the  end-mill,  and  as  this  latter  is  stationary,  the  radius  of  the 
cam  will  be  constantly  decreased.  It  is  the  object  of  this  article  to 
describe  a  method  for  finding  the  angle  to  which  the  spiral  head  is  to 
be  set,  and  the  lead  for  which  the  spiral  head  is  to  be  geared,  so  as  to 
obtain  very  accurate  results  when  milling  constant-rise  cams.  The  for- 
mulas given  below  and  the  accompanying  tables  of  leads  obtainable  on 
the  Brown  &  Sharpe  milling  machines,  and  their  logarithms,  are  used 
for  facilitating  the  necessary  calculations.  In  order  to  carry  out  the 
calculations  by  the  method  outlined,  a  table  of  logarithms  of  numbers 
(Machinery's  Reference  Book  No.  53)  and  a  table  of  logarithms  of 
angular  functions  (Machinery's  Reference  Book  No.  55)  are  required. 
In  order  to  find  the  gears  to  be  used  for  any  spiral  lead  obtainable  on 
the  machine,  a  book  entitled  "Tables  of  Leads  for  Use  with  Universal 
Milling  Machines,"  published  by  the  Brown  &  Sharpe  Mfg.  Co.,  Provi- 
dence, R.  I.,  should  be  used. 

General  Formulas  for  the  Calculations 
In  the  following  formulas  let 
I  =  lead  of  the  cam  lobe  to  be  milled;  the  lead  of  the  cam  lobe  Is 
the  rise  of  the  cam  if  the  given  rate  of  rise  were  continued 
for  one  whole  revolution  or  360  degrees 
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R  =  rise  of  the  cam  in  a  given  part  N  of  the  circumference, 
N  =  the  part  of  the  circumference  in  which  a  given  rise  takes  place; 
N  is  expressed  as  a  decimal  in  hundredth  of  the  cam  cir- 
cumference, 
L  =  spiral  lead  for  which  the  milling  machine  is  geared, 
a  =  angle  to  which  the  index  head  and  milling  attachment  are  to  be 

set. 
The  finding  of  the  angle  a  to  which  the  index  head  is  to  be  set  for 
any  specific  case  is  most  easily  explained  by  reference  to  Fig.  16.     In 
the  right-angle  triangle  shown,  the  hypotenuse  L  represents  the  dis- 
tance that  the  milling  machine  table  will  be  fed  forward  while  the 


Fig.  15.   Diagrammatical  View  showing-  Method  of  miliar  Gams  on 
the  Milling  Machine 

index  head  spindle  makes  one  complete  revolution,  or,  in  other  words, 
L  is  the  spiral  lead  for  which  the  machine  is  geared.  The  side  I  in 
the  triangle  represents  the  rise  that  the  cam  to  be  milled  would  have 
in  360  degrees,  or  in  one  complete  revolutions  hence,  this  side  repre- 
sents the  lead  of  the  cam.    It  is  then  clear  that 

? 
sin  =  —  (1) 

L 

R  R 

But  J  =  — ,  hence:  sin  a  = (2) 

N  NXL 

It  is  apparent  from  Formula  (2)  that  when  R,  N  and  L  are  known 
angle  a  can  be  determined.  As  it  is  not  practicable,  however,  to  set 
either  the  index  head  or  the  vertical  milling  attachment  closer  than  td 
whole  or  half  degrees,  the  lead  L  must  be  so  selected  that  the  angle 
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a  will  be  within  5  minutes  either  way  of  a  whole  or  a  half  degree. 
Hence  trial  calculations  must  be  made,  and  It  is  for  the  purpose  of 
facilitating  these  calculations  that  the  tables  on  pages  36  to  38  have 
been  prepared. 

Practical  Use  of  Tables  and  Formulas 
The  practical  use  of  the  formulas  given  and  of  the  tables  can  be  best 
explained  by  means  of  an  example.  Assume  that  a  set  of  cams  is  de- 
signsd  and  drawn  as  shown  in  Fig.  17,  and  that  the  toolmaker  is  to 
be  given  the  necessary  data  for  milling  the  lobes  on  these  cams.  The 
milling  is  to  be  done  according  to  the  method  illustrated  In  Fig.  15. 
The  calculations  should  be  made  by  the  draftsman  or  whoever  designs 
the  cams,  and  it  is  recommended  that  the  results  of  the  calculations 


LEAD  OF  SPIRAL  —  L- 


Machinery,  N.T. 


Fir.  16.    Relation  between  Setting  Anjrle  of  Index  Head,  Spiral  Lead 
and  Lead  of  Cam  Lobe 

be  tabulated  as  shown  in  the  table.  Referring  to  the  cam  drawings  in 
Fig.  17,  let  us  first  take  the  first  lobe  on  the  front-slide  cam.  Here 
the  rise  R  =  0.155  inch  and  this  rise  takes  place  in  0.24  of  the  whole 
cam  circumference.    Hence  tf  =  0.24.    We  have  further: 


0.155 


-  =  0.6458 


and,  from  Formula  (1): 


I        0.6458 
L  L 


(3) 


As  already  mentioned  we  must  now  find  a  lead  L  so  selected  that 
angle  a  will  be  within  5  minutes  either  way  of  a  whole  or  half  degree. 
In  order  to  accomplish  this  result  proceed  as  follows: 

First  find  the  logarithm  of  0.6458: 

log  0.6458  =  1.81010 

Now  turn  to  the  accompanying  tables  on  pages  36  to  38  (Tables  XI 
to  XII).  Beginning  with  any  lead  L  that  is  larger  than  the  numerator 
0.6458,  subtract  the  logarithms  of  the  leads,  as  found  in  the  tables, 
from  the  logarithm  of  the  numerator  0.6458  until,  by  repeated  trials, 
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TABLE  XI 

DATA  FOR  MILLING  BORBW  MACHINB  CAMS 

Spiral 
LMd 

Logarithm 

Spiral 
LMd 

Logarithm 

Spiral 

LMd 

Logarithm 

Spiral 
LMd 

Logarithm 

Spiral 

LMd 

Logarithm 

0.900 
0.900 
0.988 
1.089 

T.95484 
1.96848 
T.98888 
0.01248 

1.776 
1.778 
1.786 
1.800 

0.24944 
0.24996 
0.25188 
0.25527 

2.888 
2.888 
2.844 
8.868 

0.96701 
0.86884 
0.86996 
0.87488 

2.894 
2.909 
2.917 
2.924 

0.46150 
0.46874 
0.46494 
0.465*6 

8.429 
8.488 
8.488 
8.491 

0.58517 
0.58681 
0.54268 
0.54290 

1.048 
1.047 
1.050 
1.087 

0.01787 
0.01995 
0.08119 
0.08816 

1.809 
1.818 
1.888 
1.860 

0.25744 
0.25859 
0.86079 
0.86951 

8.881 
8.886 
8.898 
2.400 

0.87676 
0.87767 
0.87876 
0.88091 

2.988 
2.884 
2.946 
8.950 

0.46781 
0.46746 
0.46988 
0.46968 

8-.402 
8.500 
8.620 
8.585 

0.54807 
0.54407 
0. 54654 
0.54889 

1.085 
1.118 
1.198 
1.800 

0.08548 
0.04766 
0.07778 
0.07918 

1.861 
1.867 
1.875 
1.886 

0.96875 
0.87114 
0.87800 
0.87054 

2.424 
2.481 
2.448 
8.445 

0.88458 
0.88078 
0.88775 
0.88888 

9.977 
2.984 
8.000 
8.680 

0.47878 
0.47480 
0.47712 
0.48144 

8.552 
8.556 
8.564 
8.565 

0.55047 
0.55096 
0.55194 
0.56906 

1.881 
1.988 
1.840 
1.844 

0.08678 
0.06980 
0.08848 
0.09488 

1.805 
1.919 
1.980 
1.995 

0.87989 
0.28807 
0.28880 
0.88448 

2.450 
2.456 
2.481 
8.489 

0.88917 
689088 
0.89468 
0.89609 

8.044 
8.055 
8.056 
8.070 

0.48844 
0.48501 
0.48515 
0.48714 

8.571 
8.578 
8.588 
8.588 

0.50279 
0.55891 
0.6041ft 
0.55485 

1.800 
1.808 
1.809 
1.888 

0.09691 
0.11461 
0.11694 
0.1848^ 

1.944 
1.954 
1.956 
1.990 

0.88670 
0.88099 
0.29187 
0.28885 

8.500 
2.614 
2.588 
8.587 

0.99794 
0.40087 
0.40846 
0.40488 

4.080 
8.086 
8.101 
8.111 

0.48855 
0.48940 
0.49150 
0.49390 

8.606 
8.616 
8.686 
8.687 

0.66680 
0.55847 
0.66062 
0.56074 

1.840 
1.871 
1.885 
1.409 

0.18710 
0.18704 
0.14457 
0.14618 

1.996 
9.000 
9.009 
8.060 

0.99900 
0.80108 
01.80998 
0.80750 

8.516 
2.558 
2.567 
9-.571 

0.40586 
0.40790 
0.40948 
0.41010 

8.117 
8.120 
8.126 
8.140 

0.49674 
0.49485 
0.49499 
0.49698 

8.646 
8.655 
8.657 
8.668 

0.56182 
0.56889 
0.56812 
0.56884 

1.489 
1.488 
1.440 
1.447 

0.16606 
0.15685 
0.15886 
6.16047 

9.085 
9.086 

9.045 
8.047 

0.80656 
0.80878 
0.81069 
0.81118 

2.598 
8.605 
2.618 
9.619 

0.41880 
0.41681 
0.41797 
0.41814 

8.148 
8.150 
8.175 
8.188 

0.49784 
0.48681 
0.50174 
0.50870 

8667 
8.678 
8.684 
8.686 

0.56481 
0.56508 
0.56688 
0.68656 

1.408 
1.487 
1.488 
1.500 

0.16876 
0.16648 
0.17860 
0.17609 

8.057 
2.067 
9.088 
2.084 

0.81888 
0.81584 
0.81869 
0.81890 

2.625 
2.640 
2.658 
2.667 

0.41918 
0.48160 
0.48455 
0.48609 

8.189 
8.190 
8,196 
8.200 

050865 
0.50679 
0.50488 
0.50515 

8.704 
8.781 
8.786 
8  750 

0.56867 
0.67066 
0.67906 
0.57468 

1.088 
1.587 
1.550 
1.556 

0.18241 
0.18884 
0.19088 
0.19801 

8.098 
3.100 
2.121 
2.188 

0.82077 
0.82282 
0.88654 
0.82899 

'9.674 
2.678 
2.679 
9.700 

0.48716 
0.42781 
0.42797 
0.48186 

8.214 
8.226 
8.241 
8.856 

0.50705 
0.50858 
0.51068 
0.61268 

8.768 
8.771 
8  772 
8.799 

0.07558 
0.57646 
0.67657 
0.57967 

1.588 

1.595 
1.600 
1.607 

0.19696 
0.80876 
0.80412 
0.20608 

2.148 
2.171 
2.178 
2.188 

0.88102 
0.88666 
0.88806 
0.88885 

2.718 
2  727 
2.718 
8.750 

0.48845 
0.48569 
0.48828 
0.48888 

8.267 
8.278 
8.275 
8.881 

0.51415 
0.51495 
0.51581 
0.61601 

8.809 
8.810 
8  818 
8  819 

0.68081 
0.58088 
0.58184 
0  58196 

1.688 
1.687 
1.600 
1.667 

0.21165 
0.21405 
0.21748 
0,88194 

2.188 
2.198 
9.200 
2.222 

0.84000 
0.84104 
0.84242 
0.84674 

2.778 
2.791 
2.800 
2.812 

0.44878 
0.44576 
0.44716 
0.44909 

8.800 
8.808 
8.888 
8.845 

0.51861 
0.61957 
0.02284 
0.58440 

8822 
8  887 
8  840 
'8.850 

0.56889 
0.58899 
0.58488 
0.56646 

1.674 
1.680 
1.786 
1.711 

0.88876 
0.88581 
0.18188 
0.88885 

9.288 
2.288 
8.240 
2.850 

0.84889 
0.84966 
0.85025 
0.85218 

2.898 
2.848 
2.845 
2.849 

0.45148 
0.45878 
0.45408 
0.45469 

8.849 
8.860 
8.888 

8.406 

0.58499 
0.59684 
068980 
0.58186 

8.876 
8.889 
8896 
8907 

0.58888 
0.58964 
0.56062 
0.69184 

1.714 
1.744 
1.745 
1700 

0.88401 
0.84155 
0.84180 
0.84804 

2.274 
2.286 
2.292 
2.826 

0.85679 
0.85906 
0.86081 
0.86661 

2.857 
8.865 
2.867 
2.880 

0.45091 
0.45719 
0.45748 
0.45989 

8409 
8.411 
8.422 
8.488 

0.58868 
0.08888 
0.58488 
0.58504 

8.911 
8.920 
8.827 
8.929 

0.69229 
0.59828 
0  09406 
0.59428 
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TABLB  XII.    DATA  FOR  MILLING  BORBW  MAOHINB  CAMS 

Spin! 
Lnd 

Logarithm 

Spiral 
LMd 

. — 

Spiral 

LMd 

Locftrithm 

Spiral 

LMd 

_~ 

Spiral 

LMd 

_~ 

8.077 
8.070 
8.007 
4.000 

0.60060 
0.60077 
0-.00006 
0.00800 

4.678 
4.688 
4.668 

4.664 

0.00011 
0.06100 
0.00115 
0.00184 

6.100 
5.108 
6.186 
6.188 

0.71866 
0.71818 
0.71475 
0.71468 

6.648 
6.661 
6.607 
6.608 

0.70701 
0.70797 
0.70648 
0.77084 

0.648 
0.608 
0.678 
0.000 

0.816U 
0.81710 
0.81809 
0.81964 

4.011 
.4.010 
4.040 
4.000 

0.00686 
0.00418 
0.00688 
0.00848 

4.651 
4.656 

4.667 
4.076 

0.00766 
0.00708 
0.00004 
0.06076 

5.105 
6.800 
6.810 
5.880 

0.71660 
0.71075 
0.71064 
0.71817 

6.018 
6.980 
5.096 
5.008 

0.77178 
0.77288 
0.77870 
0.77466 

\6.04* 
*.007 
0.069 
0.097 

0.68949 
0.69898 
0.88686 
0,68688 

4.000 
4.070 
4.078 
4.074 

0.60668 
0.60060 
0.60001 
0.01008 

4.687 
4.688 
4.601 
4.714 

0.67060 
0.69000 
0.07187 
0.07888 

5.288 
6.280 
5.886 
6.860 

0.71875 
0.71000 
0.71017 
0.78010 

6.064 
5.000 
6.079 
6.060 

0.77481 
0.77690 
0.77019 
0.77070 

0.008 
0.710 
0.790 
0.780 

0.68686 
0.68780 
0.88787 
0.69684 

4.001 
4.008 
4.114 
4.180 

0.01188 
0.01804 
0.01480 
0.01648 

4.780 
4.708 
4.778 

4.778 

0.07641 
0.07770 
0.07870 
0.07985 

5.860 
6.880 
5.808 
6.816 

0.78000 
0.79808 
0.78468 
0.78666 

6.000 
0.010 
0.080 
0.061 

0.77616 
0.77981 
0.77060 
0.78864 

0.760 
0.787 
0.700 
0.784 

0.88990 
0.88075 
0.68088 
0.88149 

4.186 
4.144 
4.107 
4.180 

0.01048 
0.01748 
0.01088 
0.08180 

4.784 
4.786 
4.80O 

4.818 

0.07970 
0.07966 
0.06184 
0.06848 

5.888 
6:888 
5.847 
6.848 

0.78066 
O.78007 
0.79811 
0.78610 

0.077 
0.060 
0.100 
0.118 

0.78800 
0.78466 
0.76607 
0.76018 

0.800 
0.818 
0.688 
0.686 

0.88869 
0.68888 
0.88801 
0.68410 

4.000 
4.848 
4.868 
4.804 

0.08886 
0.68767 
0.08870 
0.68068 

4.881 
4.840 
4.601 
4.664 

0.08814 
0.06666 
0.06078 
0.06676 

5.867 
6.866 
6.875 
5.400 

0.79608 
0.78900 
0.78008 
0.78880 

0.188 
0.186 
0.187 
0.140 

0.76060 
0.78711 
0.76790 
0.76817 

0.667 
0.875 
0.860 
0.944 

0.68813 
0.68787 
0.68780 
0.84101 

.4.807 
4.878 
4.880 
4.800 

6.08018 
0.68184 
0.08806 
0.08847 

4.868 
4.886 
4.000 
4.011 

0.06088 
0.00008 
0.00080 
0,00117 

6.418 
5486 
-6.487 
6.444 

0.78844 
0.78446 
0.78466 
0.78008 

6.148 
0.100 
0.171 
6.17* 

0.76686 
0.76988 
0.79080 
0.70048 

0.046 
6.008 
0.877 
0.989 

0.84107 
0.64811 
0.64807 
0,84806 

4.880 
4.841 
4.848 
4.801 

0.08648 
0.08760 
0.68700 
0.68060 

4.014 
4.060 
4.001 
4.078 

0.00144 
0.00401 
0.00657 
0.00706 

5.466 
6.400 
6.478 
6.480 

0.78670 
0.78701 
0.78888 
0.78880 

0.908 
8,888 
6.884 
0.860 

0.79868 
0.70898 
0.79477 
0.79666 

0.964 

7.000 
7.018 
7.040 

064410 
0.64510 
0.84690 
0.84767 

4.808 
4.804 
4.866 

4.876 

0.08070 
0.68968 
0.68806 
0.04006 

4.084 
6.000 
5.017 
5.088 

0.00768 
0.00607 
0.70044 
0.70000 

6.600 
6.660 

6.606 
5.661 

0.74080 
0.74470 
0.74670 
0.74671 

0.866 
0.870 
0.886 
6.800 

0.79088 
0.79789 
0.79687 
0.79984 

7.071 
7.104 
7.100 
7,111 

0.84848 
0.86160 
0.86108 
0.66198 

4.880 
4.400 
4.444 
4.466 

0.04807 
0.04846 
0.04777 
0.04068 

5.080 
6.040 
5.074 
6.060 

0.701*8 
0.70848 
0.19686 
0.70000 

5.668 
5.000 
6.086 
6.067 

4.74679 
0.74610 
0.76018 
0.79856 

0.848 
0.860 
6.864 
0.879 

O.60889 
0.80877 
0.60878 
0.60476 

7.180 
7.148 
7.150 
7.108 

0.86800 
0.86868 
0.66486 
0.66600 

4.400 

4.477 
4.470 
4.480 

0.04008 
0.05000 
0.06118 
0.06188 

6.066 
5.001 
5.008 
6.106 

0.70066 
0.70080 
0.70007 
0.70800 

Y.006 
4.714 
5.780 
5.788 

0.76678 
0.76004 
0.76615 
0.75888 

0.800 
0.400 
0.417 
0.480 

0.60601 
.0.60018 
0.60788 
0.60614 

7.107 
7,170 
7.800 
7.806 

0.66684 
0.86668 
0.66788 
0.60141 

4.600 
4.688 
4.687 
4.646 

0.06881 
0.06688 
0.66677 
0.66768 

5.110 
6.110 
5.180 
5.188 

0.70608 
0.70010 
0.70087 
0.71087 

5.760 
5.760 
6.700 

6.786 

0.70018 
0.70086 
0.70048 
0.70868 

0.460 
0.400 
0.466 
0.468 

0.60066 
0.81088 
0.81067 
0.81171 

7.878 
7.878 
7.898 
7.810 

0.66106 
0.60171 
0.60886 
0.60898 

4.640 
4.648 
4.668 
4.607 

0.06708 
0.06788 
0.06877 
0.66008 

5.184 
5.148 
5.148 
6.160 

0.71040 
0.71118 
0.71188 
0.71881 

6.814 
5.818 
6.688 

6.847 

0.70448 
0.70477 
0.70660 
0.70098 

0.518 
0.516 
0.684 
0.646 

0.61871 
0.81801 
0.61018 
0,61601 

7.814 
7.880 
7.880 
7.888 

0.60415 
0.60487 
0.60610 
0.60686 
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TABLB  Zni.    DATA  FOB  MILLING  SORBW  MAOHINB  OAMfl 

Spiral 
Load 

Logarithm 

Spiral 
Laid 

Logarithm 

Spiral 
Laad 

Logarithm 

Spiral 
Load 

Logarithm 

Spiral 
Laad 

Logarithm 

7.884 
7.847 
7.8T1 
7.878 

0.80684 
0.80011 
0.80768 
0.80760 

8.081 
8.108 
8.118 
8.140 

0.90747 
0.90868 
0.80860 
0.91088 

8.968 
8.869 
8.860 
8.880 

0.86187 
0.86888 
0.96881 
0.96888 

9.888 
8.844 
9.900 
9.981 

0.88247 
0.98817 
0.88664 
0.89666 

10.800 
10.868 
10.858 
10.909 

1.08842 
1.08665 
1.08679 
1.08778 

7.400 
7.408 
7.484 

7.448 

0.80988 
0.80970 
0.87064 
0.87109 

8.146 
8.148 
8.148 
8.108 

0.91080 
0.91106 
0.91110 
0.91185 

9.000 
9.044 
9.074 
9.091 

0.96484 
0.96088 
0.96780 
0.80861 

9.988 
8.948 
8: 954 
9.967 

0.99864 
0.99788 
0.98800 
0.89866 

10.918 
10.987 
10.945 
10.949 

1.08794 
1.06880 
1.08982 
1.08987 

7.406 
7.407 
7.600 
7.686 

8.87806 
0.87816 
0.87606 
0.87661 

8.107 
8.188 
8.188 
8.819 

0.91906 
0.91286 
0.91807 
0.91445 

9.115 
9.184 
9.187 
9.148 

0.86970 
0.98066 
0.86080 
0t96109 

9.968 
10.000 
10.088 
10.046 

0.99661 
1.00000 
1.00148 
1.001TO 

10.972 
U.000 
11.021 
11.057 

1.04089 
1.04189 
1.04222 
1.04864 

7.648 
7.670 
7.607 
7.60t 

0.87764 
0.87944 
0.88004 
0.88087 

8.889 
8.850 
8.800 
8.812 

0.91585 
0.91645 
0.91989 
0.91971 

9.164 
9.167 
9.810 
8.214 

0.96809 
0.96828 
0.96426 
0.96445 

10.057 
10.078 
10.080 
10.101 

1.00847 
1.00687 
1.00846 
1.00486 

11.111 
11.187 
11.160 
11.168 

1.04575 
1.04677 
1.04766 
1.04778 

7.011 
7.010 
7.080 
7.080 

0.88144 
0.88190 
0.88186 
0.88887 

8888 
8.384 
8.801 
8.878 

0.92080 
0.90085 
0.98226 
0.92288 

9.2601 
9.802 
9.808 
9.888 

0:96661 
0.96868 
0.96868 
0.97009 

10.159 
10.175 
10.188 
10.186 

1.00685 
1.00758 
1.00788 
1.00800 

11.169 
11.198 
11.200 
11,225 

1.04801 
1.04914 
1.04922 
1.06019 

7.889 
7.044 
7.067 
7.074 

0.88804 
0.88888 
0.88400 
0.88508 

8.877 
8.400 
8.487 
8.467 

0.88809 
0.(8428 
0.92619 
0.98722 

9.884 
9.861 
9.875 
9.888 

0.97007 
0.97086 
0.97197 
0.97880 

10.209 
10.288 
10.288 
10.288 

1.00898 
1.00979 
1.01000 
1.01082 

11.250 
11.818 
11:814 
11.868 

1.06115 
1.06858 
1.05868 
1.05548 

7.07* 
7.078 
7.080 
7.700 

0.88608 
0.88680 
0.88688 
0.88849 

8.484 
8.486 
8.500 
8.628 

0.92880 
0.98805 
0.99978 
0.98069 

9.885 
8.400 
9.428 
9.489 

0.97248 
0.97840 
0.97442 
0.97447 

10.867 
10.886 
10.812 
10.818 

1.01144 
1.01285 
1.01884 
1.01888 

11.401 
11.429 
11.454 
11.459 

1.06694 
1.05801 
1.06898 
1.06916 

7.714 
7.768 
7.778 
7.788 

0.88788 
0.88941 
0.88087 
0.89105 

8.627 
8.682 
8.684 
8.662 

0.98060 
0.98105 
0.98115 
0.98207 

9.480 
9.479 
9.084 
9.545 

0.97689 
0.97644 
0.97888 
0.97978 

10.880 
10.886 
10.870 
10.871 

1.01868 
1.01486 
1.01578 
1.01582 

11.467 
11.512 
11.518 
11.520 

1.05945 
1.06115 
1.06188 
1.06145 

7.818 
7.816 
7.818 
7.888 

0.89888 
0.89898 
0.89810 
0.89481 

8.658 
8.578 
8.594 
8.000 

0.86887 
0.96808 
0.98420 
0.98460 

9.540 
9.647 
9.549 
9.556 

0.87988 
0.87987 
0.97996 
0.98028 

10.890 
10.417 
10.419 
10.451 

1.01662 
1.01774 
1.01788 
1.01816 

11.574 
11.689 
11.688 
11.667 

1.06848 
1.06564 
1.06688 
1.06696 

7.866 
7.867 
7.878 
7.875 

0.88615 
0.89698 
0.89009 
0.89686 

8.840 
8.681 
8.082 
8.087 

6.98651 
0.98857 
0.98868 
0.98887 

9.568 
9.598 
9.800 
9.686 

0.98087 
0.98818 
0.98227 
0.98840 

10.467 
10.478 
10.470 
10.477 

1.01988 
1.08007 
1.02020 
1.02024 

11.688 
11.095 
11.719 
11.721 

1.06774 
1.08800 
1.06889 
1.08898 

7.888 
7.880 
7.886 
7.864 

0.89669 
0.89878 
0.89900 
0.90069 

8.781 
8.787 
8.780 
8.750 

0.94067 
0.94080 
0.94101 
0.94801 

9.648 
8.675 
8.690 
9.097 

0.98421 
0.98666 
0.98688 
0.98664 

10.500 
10.558 
10.571 
10.606 

1.08119 
1.02868 
1.08412 
1.08665 

11.788 
11.788 
11.757 
11.786 

1.06828 
1.08841 
1.07060 
1.07188 

7.866 
7.808 
7.874 
7.884 

0.90004 
0.90106 
0.90108 
O.80876 

8.772 
8.800 
8.888 
4.888 

0  94810 
0.94448 
0.94685 
0.94040 

9.728 
9.741 
9.768 
8.778 

0.98780 
0.98860 
0.98981 
0.99008 

10.881 
10.665 
10.668 
10.007 

1.08667 
1.02765 
1.02778 
1.09804 

11.786 
11.826 
11.862 
11.905 

1.07187 
1.07JW0 
1.07879 
1.07678 

8.000 
8.081 
8.066 
8.008 

0.90809 
0.90488 
8.80488 
0.80060 

8.888 
8.909 
8.829 
8.980 

0.94885 
0.84988 
0.96080 
8.96086 

9.778 
8.788 
9.818 
9.888 

0.98026 
0.88105 
0.99208 
0.89880 

10.094 
10.718 
10.714 
10.760 

1.08814 
1.08991 
1.08996 
1.08141 

11.988 
11.944 
11.980 
18.000 

1.07688 
1.07716 
1.07778 
1.07918 
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a  remainder  is  obtained  which  1b  the  logarithm  of  the  sine  of  an  angle 
which  is  within  5  minutes  of  a  whole  or  a  half  degree.  The  angle 
thus  found  Is  the  setting  angle  for  the  index  head  and  the  lead  giving 
this  angle  is  the  one  for  which  the  head  is  to  be  geared.  Proceeding 
according  to  the  directions  given  above  we  have: 

log  0.6458=1.81010 
(Subtract)     log  0.900   =1.95424 


log  sin  a  =185586 


From  a  table  of  logarithms  of  sines  we  find  that  a  =  45  degrees  51 
minutes.  As  this  angle  1b  not  within  5  minutes  of  a  whole  or  a  half 
degree,  try  the  next  lead  in  Table  XI,  as  follows: 

log  0.6458  =  1.81010 
(Subtract)     log  0.930   =1.96848 


log  sin  a  =  1.84162 
Hence  o  =  43  degrees  59  minutes. 

This  angle  fills  the  requirements.  No  more  trials  are,  therefore, 
required,  and  the  index  head  and  the  compound  vertical  milling  attach- 
ment are  to  be  set  to  44  degrees;  the  gears  to  use  for  gearing  the 
spiral  head  for  0.930  inch  lead  are  found  from  Brown  &  Sharpe  Mfg. 
Co.'s  book  "Table  of  Leads  for  Use  with  Universal  Miling  Machines/' 
as  aready  mentioned. 

In  using  this  method,  the  following  conditions  must  be  taken  Into 
consideration : 

If  a  spiral  lead  can  be  found  in  the  accompanying  tables  which  is 
exactly  equal  to  the  numerator  I  in  the  fraction  giving  sin  a  in  Formula 
(1),  then  this  lead  is  the  lead  for  which  the  spiral  head  is  to  be 
geared.  It  will  be  seen  that  sin  a  in  this  case  becomes  equal  to  1, 
which  is  the  Bine  of  90  degrees.  This  indicates  that  the  compound  verti- 
cal milling  attachment  and  the  index  head  are  to  be  set  in  a  vertical 
position.  The  calculations  required  for  this  case  then  become  very 
simple,  as  no  further  trials  are  necessary. 

Especial  attention  should  be  given  to  the  fact  that  the  spiral  leads  L 
used  in  the  trial  calculations  must  be  larger  than  the  numerator  J  in 
the  fraction  giving  Bin  a  in  Equation  (1).  If  the  number  expressing 
the  lead  were  not  greater  than  the  numerator,  the  value  of  the  fraction 
would  be  greater  than  1,  but  as  the  sines  of  all  angles  are  smaller  than 
1,  iff  is  would  be  an  Impossible  condition. 

In  finding  the  lead  corresponding  to  a  suitable  angle,  a  simple  way 
is  to  write  the  logarithm  of  the  lead  L  on  the  upper  edge  of  a  second 
sheet  of  paper  and  to  hold  this  under  the  originally  written  value  of 
the  logarithm  of  the  numerator  I  in  Formula  (1),  putting  the  difference 
on  the  second  sheet  of  paper  until  a  logarithm  of  sin  a  is  found,  giving 
a  suitable  angle,  as  explained  above.  This  saves  repeating  the  writing 
down  of  the  logarithm  of  the  numerator  I  for  each  trial  subtraction. 
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As  another  example  illustrating  what  has  been  said,  we  may  calcu- 
late the  first  lobe  on  the  lead  cam.    Here  L  =  0.906,  tf  =  0.30.    Hence 
0.906 

1  = =  3.02.    It  is  found  by  repeated  trials,  starting  with  L  =  3.03, 

0.30 
that  no  lead  gives  an  angle  a  even  approximately  within  the  given  re- 
quirements, before  we  come  to  the  lead  3.111: 

log  3.02   =0.48001 
(Subtract)     log  3.111  =  0.49290 


Hence  a  : 


log  sin  a  =  1.98711 
76  degrees  6  minutes. 

TABLB  XIV.  RESULTS  OBTAINED  BY  THE  CALCULATIONS 
FOB  ANGLE  AND  LEAD 


Piece  No.  4-817 

Computed  by  H.  W.  E. 

Checked  by  W.  W.  J. 

Date :  Nov.  17, 1910 

Name  of 
Cam 

h 

*3 

II 
II 

S9 

«  5 

4»0Q 

i8 

8| 

5« 

Lead  cam 

0.906 

80 

76 

8.111 

40 

72 

66 

100 

Lead  cam 

0.906 

141 

80 

6.848 

100 

44 

24 

86 

Front  cam 

0.166 

24 

44 

0.980 

24 

72 

24 

86 

Front  cam 

0.048 

18} 

20 

0.930 

24 

72 

24 

86 

Rear  cam 

0.887 

82^ 

82 

1.047 

24 

64 

24 

86 

While  the  angle  76  degrees  6  minutes  is  not  quite  within  the  limits 
that  we  have  specified,  it  is  so  nearly  so  that  it  is  safe  enough  to  as- 
sume the  setting  angle  to  be' 76  degrees,  the  corresponding  lead  being 
3.111.  We  can  calculate  the  actual  rise  of  the  cam  with  this  lead  and 
angle  and  compute  the  error  resulting  in  the  rise.  From  Formula  (2) 
we  have: 

R  =  sinaXN  X  L  (4) 

Inserting  a  =  76  degrees,  #  =  0.30,  and  L  =  3.111,  we  obtain  R  = 
0.9056  inch. 

The  error  in  the  rise  thus  is  0.0004  inch,  which  for  all  practical  pur- 
poses can  be  disregarded.  The  same  method  is  employed  for  the  other 
lobes.  With  a  little  practice,  the  work  can  be  carried  on  rapidly?  and 
the  method  is  very  simple  to  remember. 

While  it  is  the  best  practice  always  to  use  a  spiral  lead  which  corre- 
sponds to  an  angle  within  5  minutes  of  a  whole  or  half  degree,  as  stated, 
yet  a  considerable  amount  of  time  may  be  saved  in  milling  cam  lobes 
with  several  leads,  when  the  greatest  accuracy  may  not  be  required,  by 
gearing  the  machine  for  the  greatest  lead  of  lobe  and  changing  the 
setting  angle  of  the  head  for  the  other  leads. 
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Ho.  52.  Advanced  Shop  Arithmetic  for 
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Ho.  80.  Locomotive  Building,  Part  II. 
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— Cylinders   and   Frames. 
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— Valve  Motion. 
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Ho.  89.  The  Theory  of  Shrinkage  and 
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Ho.  91.  Operation  of  Machine  Tools. — 
The  Lathe,  Part  I. 

Ho.  98.  Operation  of  Machine  Tools. — 
The  L.athe,  Part  II. 

Ho.  93.  Operation  of  Machine  Tools. — 
planer,  Shaper,  Slotter. 

Ho.  94.  Operation  of  Machine  Tools. — 
Drilling  Machines. 

Ho.  96.  Operation  of  Machine  Tools. — 
Boring  Machines. 

Ho.  96.  Operation  of  Machine  Tools. — 
Milling  Machines,  Part  I. 

Ho.  97.  Operation  of  Machine  Tools. — 
Milling  Machines,  Part  II. 

Ho.  98.  Operation  of  Machine  Tools. — 
Grinding  Machines. 

Ho.  99.  Automatic  Screw  Machine 
Practice,  Part  I. — Operation  of  the  Brown 
&  Sharpe  Automatic  Screw  Machine. 

Ho.  100.  Automatic  Screw  Machine 
Practice,  Part  IT. — Designing  and  Cutting 
Cams  for  the  Automatic  Screw  Machine. 

Ho.  101.  Automatic  Screw  Machine 
Practice,  Part  III. — Circular  Forming  and 
Cut-off  Tools. 

Ho.  109.  Automatio  Screw  Machine 
Practice,  Part  IV. — External  Cutting 
Tools. 

Ho.  103.  Automatio  Screw  Machine 
Practice,  Part  V — Internal  Cutting  Tools. 

Ho.  104.  Automatic  Screw  Machine 
Practice,  Part  VI. — Threading  Operations. 

Ho.  105.  Automatic  Screw  Machine 
Practice.  Part  VII. — Knurling  Operations. 

Ho.  106.  Automatio  Screw  Machine 
Fractioe,  Part  VIII. — Cross  Drilling,  Burr- 
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MACHINERY'S   DATA   SHEET    SERIES 

Machinery's  Data  Sheet  Books  include  the  well-known  series  of  Data  Sheets 
originated  by  Machinery,  and  issued  monthly  as  supplements  to  the  publication; 
of  these  Data  Sheets  over  500  have  been  published,  and  6,000,000  copies  sold.  Re- 
vised and  greatly  amplified,  they  are  now  presented  in  book  form,  kindred  sub- 
jects being  grouped  together.  The  purchaser  may  secure  either  the  books  on 
those  subjects  in  which  he  is  specially  interested,  or,  if  he  pleases,  the  whole  set  at 
one  time.  The  price  of  each  book  is  25  cents  (one  shilling)  delivered  anywhere 
in  the  world. 


CONTENTS  OF  DATA  SHEET  BOOKS 


Vo.  1.  Screw  Threads. — United  States, 
Whltworth,  Sharp  V-  and  British  Associa- 
tion Standard  Threads;  Briggs  Pipe 
Thread;  Oil  Well  Casing  Gages;  Fire  Hose 
Connections;  Acme  Thread;  Worm 
Threads;  Metric  Threads;  Machine,  Wood, 
and  Lag  Screw  Threads;  Carriage  Bolt 
Threads,  etc 

No.  a.  Screws,  Bolts  and  Huts.— Fil- 
lister-head, Square-head,  Headless,  Col- 
lar-head and  Hexagon-head  Screws;  Stand- 
ard and  Special  Nuts;  T-nuts,  T-bolts  and 
Washers;  Thumb  Screws  and  Nuts;  A.  L. 
A.  M.  Standard  Screws  and  Nuts;  Machine 
Screw  Heads;  Wood  Screws;  Tap  Drills; 
Lock  Nuts;  Eye-bolts,  etc. 

No.  3.  Taps  and  Diss. — Hand,  Machine, 
Tapper  and  Machine  Screw  Taps;  Taper 
Die  Taps;  Sellers  Hobs;  Screw  Machine 
Taps;  Straight  and  Taper  Boilar  Taps; 
Stay-bolt,  washout,  and  Patch-bolt  Taps; 
Pipe  Taps  and  Hobs;  Solid  Square,  Round 
Adjustable  and  Spring  Screw  Threading 
Dies. 

No.  4.  Reamers,  Sockets,  Brills  and 
WiM-g  Cutters. — Hand  Reamers;  Shell 
Reamers  and  Arbors;  Pipe  Reamers;  Taper 
Pins  and  Reamers;  Brown  &  Sharpe, 
Morse  and  Jar  no  Taper  Sockets  and  Ream- 
ers; Drills;  Wire  Oages;  Milling  Cutters; 
Setting  Angles  for  Milling  Teeth  in  End 
Mills  and  Angular  Cutters,  etc. 

No.  5.  Spur  Gearing. — Diametral  and 
Circular  Pitch;  Dimensions  of  Spur  Gears; 
Tables  of  Pitch  Diameters;  Odontograph 
Tables;  Rolling  Mill  Gearing;  Strength  of 
Spur  Gears;  Horsepower  Transmitted  by 
Cast-iron  and  Rawhide  Pinions;  Design  of 
Spur  Gears:  Weight  of  Cast-iron  Gears; 
Eplcyclic  Gearing. 

No.  6.  Bevel,  Spiral  and  Worm  Gear- 
ing.— Rules  and  Formulas  for  Bevel 
Gears;  Strength  of  Bevel  Gears;  Design 
of  Bevel  Gears;  Rules  and  Formulas  for 
Spiral  Gearing;  Tables  Facilitating  Calcu- 
lations; Diagram  for  Cutters  for  Spiral 
Gears;  Rules  and  Formulas  for  Worm 
Gearing,  etc. 

No.  7.  Shafting,  Keys  and  Ksyways. — 
Horsepower  of  Shafting;  Diagrams  and 
Tables  for  the  Strength  of  Shafting; 
Forcing,  Driving,  Shrinking  and  Running 
Fits;  Woodruff  Keys;  United  States  Navy 
Standard  Keys;  Gib  Keys;  Milling  Key- 
ways;  Duplex  Keys. 

No.  8.  Bearings,  Couplings,  Clutches, 
Crane  Chain  and  Hooks. — Pillow  Blocks; 
Babbitted  Bearings;  Ball  and  Roller  Bear- 
ings; Clamp  Couplings;  Plate  Couplings; 
Flange  Couplings;  Tooth  Clutches;  Crab 
Couplings;  Cone  Clutches;  Universal 
Joints;  Crane  Chain;  Chain  Friction; 
Crane  Hooks;  Drum  Scores. 

No.  9.  Springe,  Slides  and  Machine 
Details. — Formulas  and  Tables  for  Spring 
Calculations;  Machine  Slides;  Machine 
Handles  and  Levers;  Collars;  Hand 
Wheels;  Pins  and  Cotters;  Turn-buckles,, 
etc. 

No.  10.  Motor  Drive,  Speeds  and  Feeds, 
Change  Gearing,  and  Boring  Bars. — Power 
required  for  Machine  Tools;  Cutting 
Speeds  and  Feeds  for  Carbon  and  High- 
speed Steel;  Screw  Machine  Speeds  and 
Feeds;    Heat    Treatment    of    High-speed 


Steel  Tools;  Taper  Turning;  Change  Gear- 
ing for  the  Lathe;  Boring  Bars  and  Tools, 
etc. 

No.  11.  Milling  Machine 
Clamping  Devices  and  Planer 
Tables  lor  Milling  Machine  Indexing; 
Change  Gears  for  Milling  Spirals;  Angles 
for  setting  Indexing  Head  when  Milling 
Clutches;  Jig  Clamping  Devices;  Straps 
and  Clamps;  Planer  Jacks. 

No.  18.  Pipe  and  Pipe  Pitting*. — Pipe 
Threads  and  Gages;  Cast-iron  Fittings; 
Bronze  Fittings;  Pipe  Flanges;  Pipe 
Bends;  Pipe  Clamps  and  Hangers;  Dimen- 
sions of  Pipe  for  Various  Services,  etc 

No.  18.  Boilers  and  Chimneys. — Flue 
Spacing  and  Bracing  for  Boilers;  Strength 
of  Boiler  Joints;  Riveting;  Boiler  Setting; 
Chimneys. 

No.  14.  Iiooomotivs  and  Bailway  Data. 
— Locomotive  Boilers;  Bearing  Pressures 
for  Locomotive  Journals;  Locomotive 
Classifications;  Rail  Sections;  Frogs, 
Switches  and  Cross-overs;  Tires;  Tractive 
Force;  Inertia  of  Trains;  Brake  Levers; 
Brake  Rods,  etc 

No.  15.  Steam  and  Oas  Engines. — Sat- 
urated Steam;  Steam  Pipe  Sizes;  Steam 
Engine  Design;  Volume  of  Cylinders; 
Stuffling  Boxes;  Setting  Corliss  Engine 
Valve  Gears;  Condenser  and  Air  Pump 
Data;  Horsepower  of  Gasoline  Engines; 
Automobile    Engine    Crankshafts,    etc. 

No.  16.  Mathematical  Tables. — Squares 
of  Mixed  Numbers;  Functions  of  Frac- 
tions; Circumference  and  Diameters  of 
Circles;  Tables  for  Spacing  off  Circles; 
Solution  of  Triangles;  Formulas  for  Solv- 
ing Regular  Polygons;  Geometrical  Pro- 
gression, etc 

No.  17.  Xsohanios  and  Strength  of  Ma- 
terials.— Work;  Energy;  Centrifugal 
Force;  Center  of  Gravity;  Motion;  Fric- 
tion; Pendulum;  Falling  Bodies;  Strength 
of  Materials;  Strength  of  Flat  Plates; 
Ratio  of  Outside  and  Inside  Radii  of 
Thick  Cylinders,  etc. 

No.  18.  Beam  Vormnlas  and  Structural 
Design. — Beam  Formulas;  Sectional  Mod- 
uli of  Structural  Shapes;  Beam  Charts; 
Net  Areas  of  Structural  Angles;  Rivet 
Spacing;  Splices  for  Channels  and  I- 
beams;  Stresses  in  Roof  Trusses,  etc 

No.  19.  Belt,  Bone  and  Chain  Drives. — 
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